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FILE 1 HOME * ENTERED AT 12:28:34 ON 17 JUL 2003 



=> file biosis medline agricola embase caba wpids japio biotechds lifesci caplus 
COST IN U.S. DOLLARS SINCE FILE fOTAL 

ENTRY SESSION 

FULL ESTIMATED COST 0.21 0.21 

FILE 'BIOSIS' ENTERED AT 12:28:50 ON 17 JUL 2003 
COPYRIGHT (C) 2003 BIOLOGICAL ABSTRACTS INC. (R) 

FILE 'MEDLINE 1 ENTERED AT 12:28:50 ON 17 JUL 2003 

FILE 'AGRICOLA' ENTERED AT 12:28:50 ON 17 JUL 2003 

FILE 'EMBASE' ENTERED AT 12:28:50 ON 17 JUL 2003 

COPYRIGHT (C) 2003 Elsevier Science B.V. All rights reserved. 

FILE 'CABA' ENTERED AT 12:28:50 ON 17 JUL 2003 
COPYRIGHT (C) 2003 CAB INTERNATIONAL (CABI) 

FILE 'WPIDS' ENTERED AT 12:28:50 ON 17 JUL 2003 
COPYRIGHT (C) 2003 THOMSON DERWENT 

FILE 'JAPIO* ENTERED AT 12:28:50 ON 17 JUL 2003 
COPYRIGHT (C) 2003 Japanese Patent Office (JPO) - JAPIO 

FILE 'BIOTECHDS' ENTERED AT 12:28:50 ON 17 JUL 2 003 

COPYRIGHT (C) 2003 THOMSON DERWENT AND INSTITUTE FOR SCIENTIFIC INFORMATION 

FILE 'LIFESCI' ENTERED AT 12:28:50 ON 17 JUL 2003 
COPYRIGHT (C) 2003 Cambridge Scientific Abstracts (CSA) 



FILE 'CAPLUS' ENTERED AT 12:28:50 ON 17 JUL 2003 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 

PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 

COPYRIGHT (C) 2003 AMERICAN CHEMICAL SOCIETY (ACS) 
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=> s el-e3 

LI 152 ("LALVANI A"/AU OR "LALVANI A M"/AU OR "LALVANI AJIT"/AU) 

=> e pathan ansar/au 

El 7 PATHAN A S/AU 

E2 6 PATHAN A Z/AU 

E3 4 --> PATHAN ANSAR/AU 

E4 15 PATHAN ANSAR A/AU 

E5 1 PATHAN ANSAR AHMED/AU 

E6 8 PATHAN ASAD/AU 

E7 3 PATHAN ASAD Z/AU 



E8 1 PATHAN AYAZ/AU 

E9 2 PATHAN D I/AU 

E10 10 PATHAN E/AU 

Ell 1 PATHAN E M/AU 

E12 8 PATHAN F/AU 



=> s el-e5 

L2 33 ("PATHAN A S"/AU OR "PATHAN A Z"/AU OR "PATHAN ANSAR" /AU OR 

"PATHAN ANSAR A"/AU OR "PATHAN ANSAR AHMED" / AU) 



=> s 11-12 

L3 169 (LI OR L2) 

=> s 13 and esat-6 

L4 38 L3 AND ESAT-6 



=> s 14 and (esl or es2 or es3) 

L5 0 L4 AND (ESI OR ES2 OR ES3) 

=> dup rem 14 

PROCESSING COMPLETED FOR L4 

L6 12 DUP REM L4 (26 DUPLICATES REMOVED) 



=> d bib ab 1-12 



L6 ANSWER 1 OF 12 WPIDS (C) 2003 THOMSON DERWENT DUPLICATE 1 

AN 2002-583633 [62] WPIDS 

DNN N2002-462811 DNC C2002-165046 

TI Determining the progress of a mycobacterial infection, by direct ex vivo 

quantitation of ESAT-6 -specif ic T cells. 

DC B04 D16 S03 

IN LALVANI, A 

PA (ISIS-N) ISIS INNOVATION LTD 

CYC 100 

PI WO 2002054072 A2 20020711 (200262)* EN 53p 
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ADT WO 2002054072 A2 WO 2002-GB55 20020108 

PRAI US 2001-259868P 20010108; GB 2001-432 20010108 

AB WO 200254072 A UPAB: 20020926 

NOVELTY - Determining (Ml) the efficacy of treatment for mycobacterial 
infection, involves determining the level of T cells specific for a 
mycobacterial antigen that has decreased after the treatment and therefore 
determining the efficacy of the treatment. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for: 

(1) an agent (I) which prevents or treats mycobacterial infection in 
the manufacture of a medicament for the treatment of an individual in whom 
a treatment using a therapeutic substance has been found to have low 
efficacy using (Ml) , where the agent is different from the therapeutic 
substance using (Ml) and for the manufacture of a medicament for the 
treatment of an individual who has been found to have a latent infection 
using (M2) ; 

(2) determining (M2) the presence of a latent infection in an 
individual, determining in a sample from the individual for the presence 
of T cells specific for a mycobacterial antigen; 

(3) an agent (II) which prevents or treats mycobacterial infection in 
the manufacture for the treatment of an individual who has been found to 
have a latent infection using (M2) ; 



(4) determining (M3) the effect of an intervention on a mycobacterial 
infection in an individual, involves measuring the effect on the levels of 
T cells in samples from the individual and therefore determining the 
effect of the intervention; 

(5) treating (M4) an individual infected by a mycobacterium, involves 
administering to an individual in whom treatment using a therapeutic 
substance has been found to have low efficacy using (Ml) , an agent which 
prevents or treats mycobacterial infection, where the agent is different 
from the therapeutic substance; and 

(6) treating (M5) an individual infected by a mycobacterium by 
administering to an individual who has been found to have a latent 
infection using (M2) , an agent which prevents or treats mycobacterial 
infection. 

ACTIVITY - Antibacterial. 
No suitable data given. 
MECHANISM OF ACTION - None given. 

USE - (Ml) is useful for determining the efficacy of treatment for 
mycobacterial infection, the mycobacterial infection is Mycobacterium 
tuberculosis or M.bovis infection. (M2) is useful for determining the 
presence of a latent infection in a sample from the individual for the 
presence of T cells specific for a mycobacterial antigen. (M3) is useful 
for determining the effect of an intervention on a mycobacterial infection 
in an individual. (M4) is useful for treating an individual infected by a 
mycobacterium. (I) and (II) are useful for manufacturing a medicament for 
treating or preventing mycobacterial infection (claimed) . 
Dwg.0/8 

L6 ANSWER 2 OF 12 CAPLUS COPYRIGHT 2003 ACS 
AN 2002:716868 CAPLUS 
DN 137:246533 

TI Mycobacterium tuberculosis epitopes in vaccines and detection of 

mycobacterial -specif ic cytotoxic T-cells 
IN Lalvani, Ajit; Pathan, Ansar A.; Hill, Adrian V. S. 
PA UK 

SO U.S. Pat. Appl . Publ . , 19 pp., Cont . -in-part of U.S. Ser. No. 467,893, 

abandoned . 

CODEN: USXXCO 
DT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI US 2002131976 Al 20020919 US 2001-916201 20010727 

PRAI US 1998-113783P P 19981223 
US 1999-467893 B2 19991221 

AB A method of detecting an ant i -mycobacterial CD8 T cell response comprising 
contacting a population of CD 8 T cells of an individual with one or more 
peptides selected from the peptides represented by SEQ ID NO: 3, 4, 7, 8, 
9, 10, 11 or 12, and, optionally, one or two further peptides represented 
by SEQ ID NO: 1 and/or 2, wherein one or more of said peptides may be 
substituted by an analog which binds a T cell receptor which recognizes 
the corresponding substituted peptide, and detg. whether CD 8 T cells of 
the CD8 T cell population recognize the peptide (s) . The invention also 
provides a method of vaccinating against infection by a mycobacterium, 
wherein the vaccination leads to a CD8 T cell response, comprising 
administering (i) a CD 8 T cell epitope of a mycobacterium protein, (ii) an 
analog of the epitope which is capable of inhibiting the binding of the 
epitope to a T cell receptor, (iii) a precursor or (i) or (ii) which is 
capable of being processed to provide (i) or (ii), or (iv) a 
polynucleotide which is capable of being expressed to provide (i) , (ii) or 
(iii) . The method of detecting CD 8 T cells is an ELISPOT assay which 
detects interferon- .gamma . , released by the T cells following peptide 
recognition, using an immobilized anti-IFN- .gamma . antibody. 



L6 ANSWER 3 OF 12 BIOSIS COPYRIGHT 2003 BIOLOGICAL ABSTRACTS INC. DUPLICATE 
2 

AN 2003:141590 BIOSIS 
DN PREV200300141590 

TI Rapid detection of active and latent tuberculosis infection in 

HIV-positive individuals by enumeration of Mycobacterium 

tuberculosis-specific T cells. 
AU Chapman, Ann L. N. ; Munkanta, Mwansa; Wilkinson, Katalin A. ; Pa than, 

Ansar A.; Ewer, Katie; Ayles, Helen; Reece, William H. ; Mwinga, 

Alwyn; Godfrey- Faussett , Peter; Lalvani, Aj it (1) 
CS (1) Nuffield Department of Clinical Medicine, University of Oxford, John 

Radcliffe Hospital, Level 7, Oxford, 0X3 9DU, UK: 

ajit.lalvani@ndm.ox.ac.uk UK 
SO AIDS (Hagerstown) , (22 November 2002) Vol. 16, No. 17, pp. 2285-2293. 

print . 

ISSN: 0269-9370. 
DT Article 
LA English 

AB Objectives: An accurate test for Mycobacterium tuberculosis infection is 
urgently needed. The tuberculin skin test (TST) lacks sensitivity, 
particularly in HIV-infected individuals, and has poor specificity because 
of antigenic cross-reactivity with Bacillus Calmette-Guerin (BCG) 
vaccination. ESAT-6 and CFP-10 are antigens expressed 
in M. tuberculosis, but not in Mycobacterium bovis BCG and most 
environmental mycobacteria. We investigated whether T cells specific for 
these antigens could serve as accurate markers of M. tuberculosis 
infection in an area of high tuberculosis and HIV prevalence. Methods: 
Using the rapid ex-vivo enzyme-linked immunospot (ELISPOT) assay for 
IFN-gamma, we enumerated T cells specific for ESAT-6, 
CFP-10 and purified protein derivative (PPD) in blood samples from 50 
Zambian tuberculosis patients, 75 healthy Zambian adults, and 40 healthy 
UK residents. TSTs were performed in 49 healthy Zambian adults. Results: 
All (100%; n=ll) and 90% (n=39) of HIV-negative and HIV-positive 
tuberculosis patients, respectively, had detectable ESAT- 
6- or CFP-10-specif ic T cells. The ESAT-6 

/CFP-10-based ELISPOT assay was positive in 37 out of 54 HIV-negative 
healthy Zambians, suggesting a 69% prevalence of latent M. tuberculosis 
infection. Fewer HIV-positive Zambians possessed ESAT-6 

/CFP-10-specif ic T cells, but the impact of HIV infection was less on this 
assay than on the PPD-based ELISPOT or TST. Conclusion: The ESAT 
-6/CFP-10-based ELISPOT assay detects active tuberculosis in 
HIV-positive individuals with high sensitivity. It is more specific, and 
possibly more sensitive, than PPD-based methods of detecting latent M. 
tuberculosis infection, and may potentially improve the targeting of 
isoniazid preventative therapy to HIV-positive individuals with latent 
tuberculosis infection . 

L6 ANSWER 4 OF 12 MEDLINE DUPLICATE 3 

AN 2001567381 MEDLINE 

DN 21528960 PubMed ID: 11673535 

TI Direct ex vivo analysis of antigen-specific IFN-gamma -secreting CD4 T 

cells in Mycobacterium tuberculosis -infected individuals: associations 

with clinical disease state and effect of treatment. 
AU Pathan A A; Wilkinson K A; Klenerman P; McShane H; Davidson R N; Pasvol G; 

Hill A V; Lalvani A 
CS Nuffield Department of Clinical Medicine, University of Oxford, John 

Radcliffe Hospital, Oxford, United Kingdom. 
SO JOURNAL OF IMMUNOLOGY, (2001 Nov 1) 167 (9) 5217-25. 

Journal code: 2985117R. ISSN: 0022-1767. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
LA English 



FS Abridged Index Medicus Journals; Priority Journals 
EM 200112 

ED Entered STN: 20011024 

Last Updated on STN: 20020122 
Entered Medline: 20011205 

AB The wide spectrum of clinical outcomes following infection with 

Mycobacterium tuberculosis is largely determined by the host immune 
response; therefore, we studied several clinically defined groups of 
individuals (n = 120) that differ in their ability to contain the 
bacillus. To quantitate M. tuberculosis-specific T cells directly ex 
vivo, we enumerated IFN-gamma-secreting CD 4 T cells specific for 
ESAT-6, a secreted Ag that is highly specific for M. 
tuberculosis, and a target of protective immune responses in animal 
models. We found that frequencies of circulating ESAT-6 
peptide-specif ic IFN-gamma-secreting CD4 T cells were higher in latently 
infected healthy contacts and subjects with minimal disease and low 
bacterial burdens than in patients with culture-positive active pulmonary 
tuberculosis (p = 0.009 and p = 0.002, respectively). Importantly, the 
frequency of these Ag-specific CD4 T cells fell progressively in all 
groups with treatment (p = 0.005), suggesting that the lower responses in 
patients with more extensive disease were not due to tuberculosis -induced 
immune suppression. This population of M. tuberculosis Ag-specific 
Thl-type CD4 T cells appears to correlate with clinical phenotype and 
declines during successful therapy; these features are consistent with a 
role for these T cells in the containment of M. tuberculosis in vivo. 
Such findings may assist in the design and evaluation of novel 
tuberculosis vaccine candidates. 



L6 ANSWER 5 OF 12 BIOSIS COPYRIGHT 2003 BIOLOGICAL ABSTRACTS INC . DUPLI CATE 
4 

AN 2001:359931 BIOSIS 
DN PREV2 00100359931 

TI Enhanced contact tracing and spatial tracking of Mycobacterium 

tuberculosis infection by enumeration of antigen-specific T cells. 
AU Lalvani, Ajit (1) ; Pathan, Ansar A. ; Durkan, Helen; 

Wilkinson, Katalin A.; Whelan, Adam; Deeks, Jonathan J. ; Reece, William H. 

H.; Latif, Mohammed; Pasvol, Geoffrey; Hill, Adrian V. S. 
CS (1) Nuffield Department of Clinical Medicine, University of Oxford, John 

Radcliffe Hospital, Oxford, 0X3 9DU : ajit.lalvani@ndm.ox.ac.uk UK 
SO Lancet (North American Edition), (23 June, 2001) Vol. 357, No. 9273, pp. 

2017-2021. print. 

ISSN: 0099-5355. 
DT Article 
LA English 
SL English 

AB Background: Identification of individuals latently infected with 

Mycobacterium tuberculosis is an important part of tuberculosis control . 
The current method, the tuberculin skin test (TST) , has poor specificity 
because of the antigenic cross-reactivity of purified protein derivative 
(PPD) with M bovis BCG vaccine and environmental mycobacteria. 
ESAT-6 is a secreted antigen that is highly specific for 
M tuberculosis complex, but is absent from M bovis BCG. With an 
enzyme-linked immunospot (ELISPOT) assay for interferon gamma, we have 
identified ESAT-6-specif ic T cells as an accurate 

marker of M tuberculosis infection. Methods: We did a prospective, masked 
study of 50 healthy contacts, with varying but well defined degrees of 
exposure to M tuberculosis, who attended an urban contact -tracing clinic. 
We assessed and compared the efficacy of our assay and TST for detection 
of symptomless infected individuals by correlation of test results with 
the degree of exposure to an infectious index case. Findings: The 
ESAT-6 ELISPOT assay results had a strong positive 

relation with increasing intensity of exposure (odds ratio=9.0 per unit 
increase in level of exposure (95% CI 2.6-31.6), p=0.001), whereas TST 



either alone or in combination, is new. 

DETAILED DESCRIPTION - Novel method of diagnosing infection in a host 
(M) , or exposure of a host, to a mycobacterium which expresses 
ESAT-6, comprises contacting T cells from the host with 
at least 1 of 11 peptides {(I) -(XI)) of 15 amino acids (aa) , or their 
analogues which bind a T cell receptor that binds (I) -(XI), but not 
peptides (III) or (V) (or their analogues) either alone or in combination. 
E.g. : 

Met-Thr-Glu-Gln-Gln-Trp-Asn-Phe-Ala-Gly-Ile-Glu-Ala-Ala-Ala (I) ; 
Gln-Lys -Trp-Asp-Ala-Thr-Ala -Thr-Glu-Leu-Asn-Asn-Ala -Leu-Gin (III) ; 
Asn-Leu-Ala-Arg-Thr-Ile-Ser-Glu-Ala-Gly-Gln-Ala-Met-Ala-Ser (V) ; 
Glu-Gly-Lys-Gln-Ser-Leu-Thr-Lys-Leu-Ala-Ala-Ala-Trp-Gly-Gly (VII) ; 
Asn-Val-Thr-Ser-Ile-His-Ser-Leu-Leu-Asp-Glu-Gly-Lys-Gln-Ser (IX) ; 

and 

Thr-Ala-Thr-Glu-Leu-Asn-Asn-Ala-Leu-Gln-Asn-Leu-Ala-Arg-Thr (XI) . 
INDEPENDENT CLAIMS are also included for the following: 

(1) a kit for carrying out (M) comprising at least 1 of (I) -(XI) or 
their analogues, and optionally a means for detecting the recognition of 
the peptide by the T cell; 

(2) a peptide as in (I) -(XI); 

(3) a diagnostic product or panel as in (M) ; and 

(4) a polynucleotide capable of expressing at least 1 of peptide or 
analogue as in (M) and/or (2) . 

USE - The methods and kits are useful for diagnosing micobacterial 
(especially Mycobacterium tuberculosis or M. bovis) infection, optionally 
in vivo (claimed) . The peptides or their analogues may also be used to 
produce antibodies specific for the peptide (claimed) . 

ADVANTAGE - Tests using the novel peptides will not give a false 
positive results (indicating infection or exposure to a mycobacterium) for 
patients vaccinated with BCG. 
Dwg. 0/0 

L6 ANSWER 9 OF 12 BIOSIS COPYRIGHT 2003 BIOLOGICAL ABSTRACTS INC . DUPLICATE 
8 

AN 2000:453913 BIOSIS 
DN PREV200000453913 

TI High frequencies of circulating I FN-gamma -secreting CD 8 cytotoxic T cells 
specific for a novel MHC class I -restricted Mycobacterium tuberculosis 
epitope in M. tuberculosis-infected subjects without disease. 

AU Pathan, Ansar A. ; Wilkinson, Katalin A.; Wilkinson, Robert J.,- 

Latif, Mohammed; McShane, Helen; Pasvol, Geoffrey; Hill, Adrian V. S.; 
Lalvani, Ajit (1) 

CS (1) Nuffield Department of Clinical Medicine, University of Oxford, John 

Radcliffe Hospital, Level 7, Oxford, 0X3 9DU UK 
SO European Journal of Immunology, (September, 2 000) Vol. 30, No. 9, pp. 

2713-2721. print. 

ISSN: 0014-2980. 
DT Article 
LA English 
SL English 

AB MHC class I -restricted CD 8 cytotoxic T lymphocytes (CTL) are essential for 
protective immunity to Mycobacterium tuberculosis in animal models but 
their role in humans remains unclear. We therefore studied subjects who 
had successfully contained M. tuberculosis infection in vivo, i. e. 
exposed healthy household contacts and individuals with inactive 
self -healed pulmonary tuberculosis. Using the ELISPOT assay for IFN-gamma, 
we screened peptides from ESAT-6, a secreted antigen 

that is highly specific for M. tuberculosis. We identified a novel nonamer 
epitope: unstimulated peripheral blood-derived CD 8 T cells displayed 
peptide-specif ic IFN-gamma release ex vivo while CD 8 T cell lines and 
clones exhibited HLA-A68 . 02-restricted cytolytic activity and recognized 
endogenously processed antigen. The frequency of CD 8 CTL specific for this 
single M. tuberculosis epitope, 1/2500 peripheral blood lymphocytes, was 



equivalent to the combined frequency of all IFN-gamma-secreting purified 
protein derivative-reactive T cells ex vivo. This highly focused CTL 
response was maintained in an asymptomatic contact over 2 years and is the 
most potent antigen- specific ant i -mycobacterial CD8 CTL response hitherto 
described. Thus, human M. tuberculosis-specific CD8 CTL are not 
necessarily associated with active disease per se. Rather, our results are 
consistent with a protective role for these ESAT-6 

-specific CD8 T cells in the long-term control of M. tuberculosis in vivo 
in humans . 



L6 ANSWER 10 OF 12 BIOSIS COPYRIGHT 2003 BIOLOGICAL ABSTRACTS INC . DUPLICATE 
9 

AN 1999:21646 BIOSIS 
DN PREV199900021646 

TI Cytotoxic T-lymphocytes against malaria and tuberculosis: From natural 

immunity to vaccine design. 
AU Lalvani, Ajit (1); Hill, Adrian V. S. 

CS (1) Nuffield Dep. Clin. Med., Inst. Mol . Med., Univ. Oxford, John 

Radcliffe Hosp . , Oxford 0X3 9DU UK 
SO Clinical Science (London), (Nov., 1998) Vol. 95, No. 5, pp. 531-538. 

ISSN: 0143-5221. 
DT Article 
LA English 

AB 1. Mycobacterium tuberculosis and the liver stage of Plasmodium falciparum 
are intracellular pathogens which are potentially susceptible to cytotoxic 
T-lymphocytes, a crucial component of the protective immune response to 
viral infections. Evidence from animal models points to a protective role 
for cytotoxic T-lymphocytes against M . tuberculosis and P. falciparum, but 
cytotoxic T-lymphocytes specific for these pathogens have been difficult 
to identify in man. 2. Using a reverse immunogenetic approach, candidate 
epitopes from selected antigens of P. falciparum and M. tuberculosis were 
used to detect peptide-specif ic cytotoxic T-lymphocyte responses in 
individuals exposed to these pathogens. Cytotoxic T-lymphocyte activity 
was detected by the 51Cr release cytotoxicity assay and a sensitive 
ELISPOT assay for single-cell interferon-y release. 3. In naturally 
exposed, partially immune Africans in The Gambia, eight largely conserved 
cytotoxic T-lymphocyte epitopes in P. falciparum, restricted by several 
different HLA class I alleles, were identified. Several epitopes were also 
recognized in Tanzanians and cytotoxic T-lymphocytes recognized 
endogenously processed antigen. 4. In tuberculosis patients with HLA-852, 
a CD8+ cytotoxic T-lymphocyte epitope was identified in ESAT- 
6, a secreted antigen specific for M. tuberculosis complex but 
absent in BCG. Cytotoxic T-lymphocytes exhibited HLA-B52 -restricted 
peptide-specif ic interf eron-gamma release and lytic activity and 
recognized endogenously processed antigen. S. These studies demonstrate 
that CD8+ cytotoxic T-lymphocytes specific for mycobacterial and protozoal 
antigens are induced during natural infections in humans. The 
identification of these T-cells endorses current strategies to develop 
cytotoxic T-lymphocyte- inducing vaccines against P. falciparum and M. 
tuberculosis and highlights candidate antigens for inclusion in subunit 
vaccines . 

« 

L6 ANSWER 11 OF 12 BIOSIS COPYRIGHT 2003 BIOLOGICAL ABSTRACTS INC. 
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TI Epitope mapping of the immunodominant antigen TB10.4 and the two 

homologous proteins TBI 0.3 and TB12.9, which constitute a subfamily of the 
esat-6 gene family. 

AU Skjot, Rikke Louise Vintner; Brock, Inger; Arend, Sandra M. ; Munk, Martin 
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AB The human T-cell recognition of the 

low-molecular-mass culture filtrate antigen TB10. 4 was evaluated in 
detail. The molecule was strongly recognized by T cells isolated from 
tuberculosis (TB) patients and from BCG-vaccinated donors. The 
epitopes on TB10.4 were mapped with overlapping peptides and found to be 
distributed throughout the molecule. The broadest response was found in TB 
patients, whereas the response in BCG-vaccinated donors was focused mainly 
toward a dominant epitope located in the N terminus {amino acids 1 to 18) . 
The gene encoding TB10.4 was found to belong to a subfamily within the 
esat-6 family that consists of the three highly 

homologous proteins TB10.4, TB10.3, and TB12 . 9 (Rv0288, Rv3019c, and 
Rv3 017c, respectively) . Southern blot analysis combined with database 



groups of possible relevance for vaccine development. The study population 
consisted of 65 human immunodeficiency virus -negative donors from the 
Hossana Regional Hospital, Hossana, Ethiopia. Peripheral blood leukocytes 
from the donors were stimulated with different antigens and immune 
responses were determined. Household contacts produced significantly 
higher levels of gamma interferon (IFN-gamma) than the TB patients in 
response to antigens present in ST-CF and the 10 narrow-molecular-mass 
fractions. A similar difference in leukocyte proliferative responses to 
the antigens between the two groups was also found. In general, while all 
fractions stimulated immune responses, the highest activity was seen with 
the low-molecular-mass fractions, which include well-defined TB antigens 
such as ESAT-6. Leukocytes from contacts of TB 

patients with severe disease produced higher levels of antigen-specific 
IFN-gamma than those from contacts of patients with minimal disease. Both 
groups of contacts exhibited higher cell -mediated responses than the 
patients themselves. The enhanced immune response of healthy contacts, 
especially those of patients with severe disease, to secreted 
mycobacterial antigens is suggestive of an early stage of infection by M. 
tuberculosis, which could in time result in overt disease or 
containment of the infection. This possibility is currently being 
investigated by follow-up studies of the household contacts. 
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amongst the HLA molecules involved in the presentation of ESAT- 

6 and its peptides to human Thl cells. In addition, the T-cell 

lines were cytotoxic for monocytes and macrophages pulsed with 

ESAT-6 and peptides. In conclusion, the recognition of 

ESAT-6 by IFN-gamma-secreting and cytotoxic CD4+ T cells 

in association with frequently expressed HLA class II molecules supports 

the application of this antigen to either specific diagnosis or 

subunit vaccine design. 
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ADT WO 2002054072 A2 WO 2002-GB55 20020108 

PRAI US 2001-259868P 20010108; GB 2001-432 20010108 

AB WO 200254072 A UPAB : 20020926 

NOVELTY - Determining (Ml) the efficacy of treatment for mycobacterial 
infection, involves determining the level of T cells specific for a 
mycobacterial antigen that has decreased after the treatment and therefore 
determining the efficacy of the treatment. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for: 

(1) an agent (I) which prevents or treats mycobacterial infection in 
the manufacture of a medicament for the treatment of an individual in whom 
a treatment using a therapeutic substance has been found to have low 
efficacy using (Ml) , where the agent is different from the therapeutic 
substance using (Ml) and for the manufacture of a medicament for the 
treatment of an individual who has been found to have a latent infection 
using (M2) ; 

(2) determining (M2) the presence of a latent infection in an 
individual, determining in a sample from the individual for the presence 
of T cells specific for a mycobacterial antigen; 

(3) an agent (II) which prevents or treats mycobacterial infection in 
the manufacture for the treatment of an individual who has been found to 
have a latent infection using (M2) ; 

(4) determining (M3) the effect of an intervention on a mycobacterial 
infection in an individual, involves measuring the effect on the levels of 
T cells in samples from the individual and therefore determining the 
effect of the intervention; 

(5) treating (M4) an individual infected by a mycobacterium, involves 
administering to an individual in whom treatment using a therapeutic 
substance has been found to have low efficacy using (Ml) , an agent which 
prevents or treats mycobacterial infection, where the agent is different 
from the therapeutic substance; and 

(6) treating (M5) an individual infected by a mycobacterium by 
administering to an individual who has been found to have a latent 
infection using (M2) , an agent which prevents or treats mycobacterial 
infection. 

ACTIVITY - Antibacterial. 
No suitable data given. 
MECHANISM OF ACTION - None given. 



USE - (Ml) is useful for determining the efficacy of treatment for 
mycobacterial infection, the mycobacterial infection is Mycobacterium 
tuberculosis or M.bovis infection. (M2) is useful for determining 
the presence of a latent infection in a sample from the individual for the 
presence of T cells specific for a mycobacterial antigen. (M3) is useful 
for determining the effect of an intervention on a mycobacterial infection 
in an individual. (M4) is useful for treating an individual infected by a 
mycobacterium. (I) and (II) are useful for manufacturing a medicament for 
treating or preventing mycobacterial infection (claimed) . 
Dwg. 0/8 

L13 ANSWER 4 OF 7 CAPLUS COPYRIGHT 2003 ACS 
AN 2002:716868 CAPLUS 
DN 137:246533 

TI Mycobacterium tuberculosis epitopes in vaccines and 

detection of mycobacterial -specif ic cytotoxic T-cells 
IN Lalvani, Ajit; Pathan, Ansar A.; Hill, Adrian V. S. 
PA UK 

SO U.S. Pat. Appl. Publ., 19 pp., Cont . - in-part of U.S. Ser. No. 467,893, 

abandoned . 

CODEN: USXXCO 
DT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI US 2002131976 Al 20020919 US 2001-916201 20010727 

PRAI US 1998-113783P P 19981223 
US 1999-467893 B2 19991221 

AB A method of detecting an anti-mycobacterial CD8 T cell response 

comprising contacting a population of CD8 T cells of an individual with 
one or more peptides selected from the peptides represented by SEQ ID NO: 
3, 4, 7, 8, 9, 10, 11 or 12, and, optionally, one or two further peptides 
represented by SEQ ID NO: 1 and/or 2, wherein one or more of said peptides 
may be substituted by an analog which binds a T cell 
receptor which recognizes the corresponding substituted peptide, 
and detg. whether CD8 T cells of the CD8 T cell 
population recognize the peptide (s) . The invention also 
provides a method of vaccinating against infection by a mycobacterium, 
wherein the vaccination leads to a CD 8 T cell response, comprising 
administering (i) a CD8 T cell epitope of a mycobacterium protein, (ii) an 
analog of the epitope which is capable of inhibiting the binding of the 
epitope to a T cell receptor, (iii) a precursor or (i) or (ii) which is 
capable of being processed to provide (i) or (ii) , or (iv) a 
polynucleotide which is capable of being expressed to provide (i) , (ii) or 
(iii) . The method of detecting CD8 T cells is an ELISPOT 
assay which detects interferon- .gamma . , released by the 
T cells following peptide recognition, using an immobilized 
anti-IFN- .gamma . antibody. 
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DC B04 D16 S03 
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AU 9964809 A 20000522 (200040) 
BR 9915055 A 20010807 (200152) 
EP 1144447 A2 20011017 (200169) EN 
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ZA 2001003356 A 20020327 (200230) 51p 
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ADT WO 2000026248 A2 WO 1999-GB3635 19991103; AU 9964809 A AU 1999-64809 
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1144447 A2 EP 1999-952697 19991103, WO 1999-GB3635 19991103; ZA 2001003356 

A ZA 2001-3356 20010425; CN 1350546 A CN 1999-813005 19991103; JP 

2002532064 W WO 1999-GB3635 19991103, JP 2000-579635 19991103 
FDT AU 9964809 A Based on WO 200026248; BR 9915055 A Based on WO 200026248; EP 

1144447 A2 Based on WO 200026248; JP 2002532064 W Based on WO 200026248 
PRAI US 1998-107004P 19981104; GB 1998-24213 19981104 
AB WO 200026248 A UPAB : 20000630 

NOVELTY - Diagnosing infection in a host (M) , or exposure of a host, to a 

mycobacterium which expresses ESAT-6, comprises 

contacting T cells from the host with at least 1 of 11 peptides ((I) -(XI)) 
of 15 amino acids (aa) , or their analogues which bind a T cell receptor 
that binds (I)-(XI), but not peptides (III) or (V) (or their analogues) 
either alone or in combination, is new. 

DETAILED DESCRIPTION - Novel method of diagnosing infection in a host 
(M) , or exposure of a host, to a mycobacterium which expresses 
ESAT-6, comprises contacting T cells from the host with 
at least 1 of 11 peptides {(I) -(XI)) of 15 amino acids (aa) , or their 
analogues which bind a T cell receptor that binds (I) -(XI), but not 
peptides (III) or (V) (or their analogues) either alone or in combination. 
E.g.: 

Met-Thr-Glu-Gln-Gln-Trp-Asn-Phe-Ala-Gly-Ile-Glu-Ala-Ala-Ala (I) ; 
Gln-Lys-Trp-Asp-Ala-Thr-Ala-Thr-Glu-Leu-Asn-^Asn-Ala-Leu-Gln (III) ; 
Asn-Leu-Ala-Arg-Thr-Ile-Ser-Glu-Ala-Gly-Gln-Ala-Met-Ala-Ser (V) ; 
Glu-Gly-Lys-Gln-Ser-Leu-Thr-Lys-Leu-Ala-Ala-Ala-Trp-Gly-Gly (VII) ; 
Asn-Val-Thr-Ser-Ile-His-Ser-Leu-Leu-Asp-Glu-Gly-Lys-Gln-Ser (IX) ; 

and 

Thr-Ala-Thr-Glu-Leu-Asn-Asn-Ala-Leu-Gln-Asn-Leu-Ala-Arg-Thr (XI) . 
INDEPENDENT CLAIMS are also included for the following: 

(1) a kit for carrying out (M) comprising at least 1 of (I) -(XI) or 
their analogues, and optionally a means for detecting the 
recognition of the peptide by the t cell; 

(2) a peptide as in (I) -(XI); 

(3) a diagnostic product or panel as in (M) ; and 

(4) a polynucleotide capable of expressing at least 1 of peptide or 
analogue as in (M) and/or (2) .' 

USE - The methods and kits are useful for diagnosing micobacterial 
(especially Mycobacterium tuberculosis or M. bovis) infection, 
optionally in vivo (claimed) . The peptides or their analogues may also be 
used to produce antibodies specific for the peptide (claimed) . 

ADVANTAGE - Tests using the novel peptides will not give a false 
positive results (indicating infection or exposure to a mycobacterium) for 
patients vaccinated with BCG . 
Dwg. 0/0 
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US 1998-91521 



19980619 



US 1998-91521 A3 19980619 

US 2000-692621 A2 20001020 
AB This invention relates to an over -expressing homologous antigen 
vaccine, a method of producing the same, and use of the 
vaccine for prophylaxis or treatment of vertebrates at 

risk of or suffering from disease caused by a pathogenic micro-organism. 
The vaccine is an attenuated or avirulent pathogenic 

micro-organism that over-expresses at least one homologous antigen encoded 
by at least one gene derived from the pathogenic micro-organism, and may 
also express a heterologous antigen. 
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TI Fusion agents contg. immunostimulat ing (adjuvant) and immunogenic domain 
as vaccines 

IN Minion, F. Chris; Menon, Sreekumar A.; Mahairas, Gregory G. 
PA Iowa State University Research Foundation, USA 
SO U.S. , 26 pp. 
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DT Patent 
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PI US 6537552 Bl 20030325 US 2000-692064 20001019 

PRAI US 1999-160429P P 19991019 

AB I fusion agents such as fusion proteins that are useful for the 
treatment and prevention of diseases that are 

susceptible to the effects of cellular (Thl type) immune responses. Also 
encompassed by the invention are nucleic acids encoding the fusion 
proteins of the invention, vectors contg. the nucleic acids, and cells 
contg. the vectors. The invention includes methods of making and using 
the fusion agents of the invention. 
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responses by using mycobacterial ESAT-6 sequences in 
DNA vaccines. 

AU Minion F Chris; Menon Sreekumar A; Mahairas Gregory G; Wannemuehler M J 
CS Department of Veterinary Microbiology and Preventive Medicine, Iowa State 

University, Ames, IA 50011, USA., fcminion@iastate.edu 
SO INFECTION AND IMMUNITY, (2003 Apr) 71 (4) 2239-43. 

Journal code: 0246127. ISSN: 0019-9567. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200305 

ED Entered STN: 2 0030326 

Last Updated on STN: 20030513 
Entered Medline: 20030512 

AB The Mycobacterium tuberculosis protein ESAT-6 

has unusual immune stimulating activities, has been implicated in the 
recall of long-lived immunity, and induces protection against 
tuberculosis in mice. For many diseases caused by bacterial or 
viral pathogens, a strong cell -mediated immune (i.e., type 1) response is 
often required for recovery or protection. Therefore, it is important to 
design immunization regimens that induce agent-specific type 1 immunity. 



We have shown in previous studies that ESAT-6 could 

enhance antigen-specific type 1 immune responses in BALB/c mice against a 

second antigen when presented as a purified fusion protein. It was also 

of interest to determine if ESAT-6 could enhance the 

type 1 response against a second antigen beyond that afforded by DNA 

vaccination through CpG motifs. This was tested by using gene 

fusions of ESAT-6 and the Mycoplasma hyopneumoniae 

surface antigen P71. Modified P71 gene sequences were cloned with or 
without ESAT-6 sequences into a DNA vaccine 

vector and were used to immunize mice. Splenic lymphocytes from 

vaccinated mice were tested for gamma interferon (IFN-gamma) and 

interleukin-10 (IL-10) secretion. Serum antibodies were examined for P71 

antigen-specific isotype responses. When stimulated in vitro with 

purified P71 antigen, splenocytes from the ESAT-6 :P71 

vaccinates secreted higher levels of IFN-gamma and lower levels of 

IL-10 compared to those of vaccinates receiving the P71 

construct alone. Furthermore, the immunoglobulin G2a serum antibody 

levels were significantly higher in the ESAT-6 :P71 

vaccinates compared to those of the vaccinates receiving 

P71 alone. In conclusion, ESAT-6 was shown to enhance 

antigen- spec if ic type 1 immune responses in BALB/c mice when used in DNA 
vaccines • 
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AB We constructed two recombinant Mycobacterium bovis BCG (rBCG) strains 

expressing ESAT-6 of Mycobacterium 

tuberculosis, named rBCG-1 and rBCG-2 . rBCG-1 contained the 
ESAT-6 gene linked to BCG hsp60 and expressed a fusion 
protein, while rBCG-2, with a secretory sequence, could secret 
ESAT-6 into the culture medium. There was no evidence 

for increased virulence of the two rBCG strains when we made a comparison 
between them and BCG with regard to organ bacterial loads, lung histology, 
and survival time. rBCG-1 induced significantly higher specific antibody 
titers and stronger cellular immune response than BCG, whereas rBCG-2 had 
immunogenicity similar to that of the parental BCG strain. Both rBCG-1 
and rBCG-2 conferred marked protection against M. tuberculosis 
infection, yet in terms of protective efficacy, they showed no significant 
improvements upon conventional BCG vaccine. 
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TI A DNA prime-live vaccine boost strategy in mice can augment 



IFN-gamma responses to mycobacterial antigens but does not increase the 

protective efficacy of two attenuated strains of Mycobacterium bovis 

against bovine tuberculosis. 
AU Skinner M A; Ramsay A J; Buchan G S; Keen D L; Ranasinghe C; Slobbe L; 

Collins D M; de Lisle G W; Buddie B M 
CS AgResearch Ltd, Wallaceville Animal Research Centre, Upper Hutt, New 

Zealand . . margot . skinner@agresearch .co.nz 
SO IMMUNOLOGY, (2003 Apr) 108 (4) 548-55. 
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AB The Mycobacterium bovis bacille Calmette-Guerin (BCG) vaccine 
has variable efficacy for both human and bovine tuberculosis. 
There is a need for improved vaccines or vaccine 
strategies for control of these diseases. A recently developed 
prime-boost strategy was investigated for vaccination against M. 
bovis infection in mice. BALB/c and C57BL/6 mice were primed with a DNA 
vaccine, expressing two mycobacterial antigens, ESAT- 
6 and antigen 85 A and boosted with attenuated M. bovis strains, 
BCG or WAg520, a newly attenuated strain, prior to aerosol challenge. 
Before challenge, the antigen-specific production of interf eron-gamma 
(IFN-gamma) was evaluated by ELISPOT and antibody responses were measured. 
The prime-boost stimulated an increase in the numbers of IFN-gamma 
producing cells compared with DNA or live vaccination alone, but 
this varied according to the attenuated vaccine strain, time of 
challenge and the strain of mouse used. Animals vaccinated with 
DNA alone generated the strongest antibody response to mycobacterial 
antigens, which was predominantly IgGl. BCG and WAg520 alone generally 
gave a 1-2 loglO reduction in bacterial load in lungs or spleen, compared 
to non-vaccinated or plasmid DNA only control groups. The 
prime-boost regimen was not more effective than BCG or WAg520 alone. 
These observations demonstrate the comparable efficacy of BCG and WAg520 
in a mouse model of bovine tuberculosis. However, priming with 
the DNA vaccine and boosting with an attenuated M. bovis 
vaccine enhanced IFN-gamma immune responses compared to 
vaccinating with an attenuated M. bovis vaccine alone, 

but did not increase protection against a virulent M. bovis infection. 
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AB The growing pandemic of human tuberculosis has not been affected 

significantly by the widespread use of the only currently available 

vaccine, bacille Calmette Guerin. Bacille Calmette Guerin protects 

uniformly against serious paediatric forms of tuberculosis and 

against adult pulmonary tuberculosis in some parts of the world, 

but there are clearly populations in high-burden countries which do not 

benefit from the current vaccination regimen. New 

tuberculosis vaccines will be essential for the ultimate 

control of this ancient disease. Research over the past 10 years has 

produced literally hundreds of new tuberculosis vaccine 

candidates representing all of the major vaccine design 

strategies; protein/peptide vaccines in adjuvants, DNA 

vaccines, naturally and rationally attenuated strains of 

mycobacteria, recombinant mycobacteria and other living vaccine 

vectors expressing genes coding for immunodominant mycobacterial antigens, 

and non-peptide vaccines- Many of these vaccines have 

been tested for immunogenic ity and protective efficacy in mouse and guinea 
pig models of low-dose pulmonary tuberculosis- In addition, 
alternative routes of tuberculosis vaccine delivery 

(e.g. oral, respiratory, gene gun) and various combinations of priming or 

boosting an experimental vaccine with bacille Calmette Guerin 

have been examined in relevant animal models. One of the most promising of 

these vaccines is currently in Phase I trials in human subjects, 

and others are expected to follow in the near future. This review will 

summarise the most recent progress made toward the development and 

preclinical evaluation of novel vaccines for human 

tuberculosis. .COPYRGT. 2003 Australian Society for Parasitology 

Inc. Published by Elsevier Science Ltd. All rights reserved. 
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TI Recombinant BCG exporting ESAT-6 confers enhanced 
protection against tuberculosis. 
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AB The live tuberculosis vaccines Mycobacterium bovis BCG 

(bacille Calmette-Guerin) and Mycobacterium microti both lack the potent, 

secreted T-cell antigens ESAT-6 (6-kDa early secretory 

antigenic target) and CFP-10 (10-kDa culture filtrate protein) . This is a 

result of independent deletions in the region of deletion-1 (RD1) locus, 

which is intact in virulent members of the Mycobacterium 

tuberculosis complex. To increase their immunogenicity and 

protective capacity, we complemented both vaccines with 

different constructs containing the esxA and esxB genes, which encode 

ESAT-6 and CFP-10 respectively, as well as a variable 

number of flanking genes. Only reintroduction of the complete locus, 

comprising at least 11 genes, led to full secretion of the antigens and 



resulted in specific ESAT- 6 -dependent immune 

responses; this suggests that the flanking genes encode a secretory- 
apparatus. Mice and guinea pigs vaccinated with the recombinant 
strain BCG: :RD1-2F9 were better protected against challenge with M. 
tuberculosis, showing less severe pathology and reduced 

dissemination of the pathogen, as compared with control animals immunized 
with BCG alone. 
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TI Haemolysin A and listeriolysin - Two vaccine delivery tools for 

the induction of cell -mediated immunity. 
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AB Haemolysin A of Escherichia coli and listeriolysin of Listeria 

monocytogenes represent important bacterial virulence factors. While such 

cytolysins are usually the reason for morbidity and even mortality, 

vaccine researchers have turned haemolysin A and listeriolysin 

into tools for vaccine delivery. Both cytolysins have found 

widespread application in vaccine research and are highly 

suitable for the elicitation of cell-mediated immunity. In this paper, we 

will review vaccine delivery mediated by the haemolysin A 

secretion system and listeriolysin and will highlight their use in 

vaccination approaches against protozoan parasites. .COPYRGT. 2003 

Australian Society for Parasitology Inc. Published by Elsevier Science 

Ltd. All rights reserved. 

L16 ANSWER 9 OF 47 MEDLINE 

AN 2003012064 MEDLINE 

DN 22406403 PubMed ID: 12518231 

TI Combined recombinant DNA vaccine results in significant 

protection against Mycobacterium tuberculosis. 
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AB Three proteins secreted from Mycobacterium tuberculosis, Ag85B, 
ESAT-6 and MPT63 were selected as antigens for making 
combined DNA vaccine by immunizing mice. The immune response 
induced by the vaccine and its protective efficacy were studied. 
It was demonstrated that when mice were immunized with the combined DNA 



vaccine, the titer of antibody for Ag85B in serum increased to 
more than 10(5), but the titers of ESAT-6 and MPT63 

specific antibodies were undetectable. After the final immunization, the 
level of gamma specific for Ag85B, ESAT-6 and MPT63 
reached (17.0+/-7.0) u/ml, (6.0+/-0.8) u/ml and (11.9+/-8.0) u/ml , 
respectively. Mice, that were inoculated with the empty eukaryotic 
expression vector pJW4303 DNA, produced negligible amounts of 
antigen-specific INF-gamma. The combined DNA vaccine resulted 
also in significantly reduced amount of bacteria in the lungs of 
experimental mice. Microphotographs showed clearly that these lungs were 
better protected against Mycobacterium tuberculosis challenge 
than control mice. The combined DNA vaccine reported in this 
work shed new lights on the prophylactic protection against 
tuberculosis ■ 
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AB This symposium was organized to provide the up-to-date knowledge on 

tuberculosis immunity, especially on the understanding of 

cytokines or Thl cells involved in pathophysiology/protective immunity and 
vaccine development. Dr. Kazuo Kobayashi (Osaka City Univ.) 
reported their findings on the immune response to bioactive lipid 
component from M. tuberculosis, trehalose-dimycolate (TDM) and 
sulfolipid (SL) in mice. Their unique and novel finding was that TDM is 
capable of inducing T-dependent immune response in euthymic mice. The 
specific immune response in TDM-immune mice was consisting of CD4+ cell 
response and expression of chemokines, inflammatory cytokines and then 
THl-related cytokines. In contrast, SL did not show such an activity. 
TDM may be one of the protective antigens and may modulate the specific 
immune response of the host. Dr. Isamu Sugawara 1 s group (JATA) has 
examined the involvement of various cytokines in the host response to 
aerosolic infection with virulent strain of M. tuberculosis by 
using cytokine-knockout mice. The single deletion of IFN-gamma or TNF 
alpha resulted in a severe lesion of multiple necrosis without granuloma, 
and cytokine mRNA level other than knocked out cytokine was normal, 
suggesting that IFN-gamma and TNF alpha are principally important 
cytokines. In knockout mice for IL-12 or IL-18, necrotic lesion was not 
induced after infection and the pathological change was not so significant 
as in IFN-gamma/TNF alpha knockout mice. By using IFN-gamma knockout 
mice, it became possible to generate a granulomatous lesion with central 
necrosis and cavity resembling the lesion in humans. These mouse model 
appeared to be useful in the analysis of pathophysiology of human 
tuberculosis. Dr. Kazuyoshi Kawakami (Ryukyu Univ.) reported the 
importance of TH1 cytokines in ant i -tuberculous immunity. By using IL-12, 



IL-18 knockout mice or double knockout mice, it was shown that IL-12 
exhibits more important role than IL-18 in the protection. A possible 
contribution of IL-23 was also suggested. In most of the clinical cases 
of tuberculosis, the production of IL-12, IL-18 and IFN-gamma is 
increased, however, the group of relatively lower cytokine production did 
not respond well to the treatment* In addition, the plasma 
level of one of the chemokines, IP-10, was shown to be an indicator for 
the severity of the disease. Thus, some cytokines appear to be employable 
for the novel treatment in the near future. Dr. Saburo 
Yamamoto (NIH) summarized the recent advance in the understanding of 
biological function of CpG motifs. Immunost imulatory DNA is effective in 
the modulation of TH1/TH2 polarity and the enhancement of protective 
immunity to M. tuberulosis in animals. CpG motif ( immunost imulatory DNA) 
appears to exert its activity by signaling cascade via TLR9 resulting in 
NF-kappa B activation and cytokine gene expression. Analysis of basic 
mechanism of action by CpG motif should pave the way to the clinical 
application in the future. Dr. Masaj i Okada (Kinki Chuo Hospital) 
reported the current situation in the development of novel 
vaccines against tuberculosis. They have extensively 
constructed and examined the efficacy of various types of vaccines 
including subunit, DNA and recombinant BCG vaccines. Various 
vector systems have been tested for DNA vaccine. As immunizing 
antigens, a-Ag, ESAT-6, HSP65, 38kD-lipoprotein and so 

on have been employed. A large body of experimental data are accumulating 
for final evaluation, and among them, it is noteworthy to mention that 
HSP65DNA + IL-12DNA was 100 times more effective than conventional BCG in 
animal model. Among subunit vaccines / Mtb72f vaccine 

appears to be one of the promising candidates. In addition to the trial 
with various candidates, they have established a new mouse model, 
SCID/human PBL . This model animal has been employed for the development 
of vaccine effective for the induction of ESAT- 
6-specific human T cells. 
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AB Fusion proteins of antigens of Leishmania and foreign antigens that may be 
useful in the diagnosis, prophylaxis or treatment of disease are 
described. The Leishmania antigen may be TSA (thiol -specif ic 
antioxidant) , LeIF (initiation factor 4A) , M15 or 6H. The invention also 



provides an expression cassette comprising the recombinant nucleic acid 
mol . , host cells comprising the expression cassette, compns . , fusion 
polypeptides, and methods of their use in diagnosis or in generating a 
protective immune response in hosts. The genes may be codon optimized for 
expression in a specific host. Specifically, fusion proteins with 
antigens of Mycobacterium tuberculosis are described. 

Construction of codon optimized genes for fusion proteins of Leishmania 
antigens and Mycobacterium tuberculosis antigens and their 
expression in HEK cells is demonstrated. 
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TI Correlation of ESAT-6 -specif ic gamma interferon 
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AB Vaccine development and the understanding of the pathology of 
bovine tuberculosis in cattle would be greatly facilitated by 
the definition of immunological correlates of protection and/or pathology. 
To address these questions, cattle were vaccinated with 
Mycobacterium bovis bacillus Calmette-Guerin (BCG) and were then 
challenged with virulent M. bovis. Applying a semiquantitative 
pathology-scoring system, we were able to demonstrate that BCG 
vaccination imparted significant protection by reducing the 
disease severity on average by 75%. Analysis of cellular immune responses 
following M. bovis challenge demonstrated that proliferative T-cell and 
gamma interferon (IFN-gamma) responses towards the M. bovis-specif ic 
antigen ESAT-6 , whose gene is absent from BCG, were 
generally low in vaccinated animals but were high in all 
nonvaccinated calves. Importantly, the amount of ESAT-6 

-specific IFN-gamma measured by enzyme-linked immunosorbent assay after M. 

bovis challenge, but not the frequency of responding cells, correlated 

positively with the degree of pathology found 18 weeks after infection. 

Diagnostic reagents based on antigens not present in BCG, like 

ESAT-6 and CFP-10, were still able to distinguish BCG- 

vaccinated, diseased animals from BCG-vaccinated animals 

without signs of disease. In summary, our results suggest that the 

determination of ESAT-6 -specif ic IFN-gamma, while not 

a direct correlate of protection, constitutes nevertheless a useful 

prognostic immunological marker predicting both vaccine efficacy 

and disease severity. 
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AB The plasma membrane of Mycobacterium tuberculosis is likely to 

contain proteins that could serve as novel drug targets, diagnostic probes 
or even components of a vaccine against tuberculosis. 

With this in mind, we have undertaken proteome analysis of the membrane of 
M. tuberculosis H37Rv. Isolated membrane vesicles were extracted 
with either a detergent (Triton X114) or an alkaline buffer (carbonate) 
following two of the protocols recommended for membrane protein 
enrichment. Proteins were resolved by 2D-GE using immobilized pH gradient 
(IPG) strips, and identified by peptide mass mapping utilizing the M. 
tuberculosis genome database. The two extraction procedures 
yielded patterns with minimal overlap. Only two proteins, both HSPs, 
showed a common presence. MALDI -MS analysis of 61 spots led to the 
identification of 32 proteins, 17 of which were new to the M. 
tuberculosis proteome database. We classified 19 of the identified 
proteins as 'membrane-associated'; 14 of these were further classified as 
1 membrane- bound 1 , three of which were lipoproteins. The remaining proteins 
included four heat -shock proteins and several enzymes involved in energy 
or lipid metabolism. Extraction with Triton X114 was found to be more 
effective than carbonate for detecting 'putative 1 M. tuberculosis 
membrane proteins. The protocol was also found to be suitable for 
comparing BCG and M. tuberculosis membranes, identifying 
ESAT-6 as being expressed selectively in M. 

tuberculosis. While this study demonstrates for the first time 

some of the membrane proteins of M. tuberculosis, it also 

underscores the problems associated with proteomic analysis of a complex 

membrane such as that of a mycobacterium. Copyright .COPYRGT. 2002 John 

Wiley & Sons, Ltd. 
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AB Tuberculosis (TB) is a major infectious disease problem with 

one-third of the world population infected, 8 million people developing 
the active disease and 2 million dying of TB each year. The attenuated 
Mycobacterium bovis Bacillus Calmette Guerin (BCG) is the only available 
vaccine against TB. However, the trials conducted in different 
parts of the world have shown that this vaccine doe not provide 
consistent protection against TB. The purified protein derivative (PPD) of 
Mycobacterium tuberculosis is the commonly used reagent for the 
diagnosis of TB. However, PPD lacks specificity because of the presence of 
antigens crossreactive with M. bovis BCG and other mycobacteria. The 



studies to identify M. tuberculosis antigens and epitopes as 

candidates for new protective vaccines and specific diagnostic 

reagents against TB have led to the identification and characterization of 

several major antigens of M. tuberculosis including heat shock 

proteins (hsp) and secreted antigens present in the culture filtrate (CF) 

of M. tuberculosis. Some of these antigens have shown promise as 

new candidate vaccines (hsp60, Ag85 and ESAT-6 

, etc.) and specific diagnostic reagents (ESAT-6 and 

CFP10, etc.) for TB. Moreover, in the mouse model of TB, 

vaccination with DNA-hsp60 has immunotheraputic effects and helps 

in eradication of persisters. In addition, identification of proper 

adjuvant and delivery systems has shown the promise to overcome the 

problem of poor immunogenicity associated with subunit and peptide based 

vaccines. More recently, the comparison of the genome sequence of 

M. tuberculosis with M. bovis BCG and other mycobacteria has led 

to the identification of M. tuberculosis-specific genomic 

regions. Evaluation of these regions for encoding proteins with 

immunological reactivity can lead to the identification of additional 

antigens of M. tuberculosis useful as new vaccines and 

reagents for specific diagnosis of TB. 
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AB The protection afforded by the currently available tuberculosis 
vaccine, bacillus Calmette-Guerin (BCG) is insufficient and new 
vaccine strategies are urgently needed. Progress in our 
understanding of the immunological deficits of BCG combined with novel 
knowledge on genetics of mycobacteria has paved the way for promising new 
vaccine strategies. These include recombinant modified BCG 
vaccines, attenuated strains of Mycobacterium tuberculosis 
, and various non-live candidates such as DNA and subunit vaccines 
. Decisive for transforming technical progress into a novel 
tuberculosis (TB) vaccine strategy is the recent advance 
in our understanding of the failure of BCG in the third world and the 
interaction between this vaccine and environmental mycobacteria. 
.COPYRGT. 2002 Elsevier Science Ltd. All rights reserved. 
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RW: AT BE CH CY DE DK EA ES FI FR GB GH GM GR IE IT KE LS LU MC MW MZ 
NL OA PT SD SE SL SZ TR TZ UG ZW 
W: AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CO CR CU CZ DE DK 
DM DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR 
KZ LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU 
SD SE SG SI SK SL TJ TM TR TT TZ UA UG UZ VN YU ZA ZW 
AU 2001068678 A 20020102 (200230) 
ADT WO 2001098460 A2 WO 2001-US19959 20010620; AU 2001068678 A AU 2001-68678 
20010620 

FDT AU 2001068678 A Based on WO 200198460 
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AB WO 200198460 A UPAB : 20020321 

NOVELTY - A composition (I) comprising a MTB39 antigen (Al) (comprising a 
sequence of 263 or 391 amino acids fully defined in the specification) and 
a MTB32A antigen (A2) (comprising a sequence of 355 or 330 amino acids 
fully defined in the specification), or their immunogenic fragments, from 
a Mycobacterium sp. of the tuberculosis complex, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 

(1) an expression cassette (II) comprising a nucleic acid encoding Al 
and a nucleic acid encoding A2; 

(2) an isolated nucleic acid (III) encoding (II), where at least one 
amino acid in the active site triad of the MTB32A antigen has been 
substituted by a different amino acid; 

(3) an isolated nucleic acid (Ilia) encoding a fusion polypeptide 
comprising (III) ; 

(4) an isolated MTB32A polypeptide (IV) from a Mycobacterium sp. of 
the tuberculosis complex, has at least one amino acid in the 

active site triad of the MTB32A antigen substituted by a different amino 
acid; 

(5) a fusion polypeptide (FP1) comprising (IV) ; 

(6) an isolated nucleic acid (V) encoding a fusion polypeptide 
comprising Al and an antigen comprising at least 195 amino acids from the 
N-terminus of (IV); 

(7) a nucleic acid encoding a fusion polypeptide comprising (V) ; 

(8) an isolated polypeptide (VI) encoding a fusion polypeptide 
comprising Al and an antigen comprising at least 195 amino acids from 
(IV) ; 

(9) a fusion polypeptide (FP2) comprising (Va) ; and 

(10) a composition (C) comprising (III), (IV), (V) or (VI). 
ACTIVITY - Tuberculostatic; immunost imulant . 

MECHANISM OF ACTION - Vaccine. 

Guinea pigs were immunized with adjuvants (SBAS1, SBAS2 or ASAS7 plus 
Al(OH)3), MTB72F fusion protein in adjuvant, or TbH9 plus Ra35 antigen 
composition at a dosage of 4 micro g each of TbH9 and Ra35, and 8 micro g 
of MTB72F . Second immunization was carried out after 3 weeks and third 
immunization approximately after two and a half weeks. 10 micro g of 
antigen was used as a prechallenge to determine antigenicity and delayed 
type hypersensitivity (DTH) . Weight loss and death of the animals were 
monitored. The results for DTH were positive to the immunizing antigens. 
Reactions to individual antigens or the fusion protein were comparable. 
Guinea pigs vaccinated with MTB72F fusion protein afforded 
protection compared to those immunized with a mixture of antigens. 

USE - (I) and (II) are useful for eliciting an immune response in a 
mammal, e.g., human, immunized with BCG (claimed). (I) and (II) are useful 
in diagnosis, treatment and prevention of 

Mycobacterium infection. (I), the fusion proteins and the polynucleotides 
are useful as diagnostic tools in patients infected with Mycobacterium, in 
vitro and in vivo assays for detecting humoral antibodies or cell -mediated 
immunity against M. tuberculosis for diagnosis of an infection 
or monitoring of disease progression, as immunogens to generate or elicit 
a protective immune response in a patient and for raising anti-M. 
tuberculosis antibodies in a non-human animal. (IV) is useful as 



in vivo diagnostic agent for intradermal skin test. 

ADVANTAGE - Compositions and fusion proteins/polynucleot ides that 
contain at least two heterologous M. tuberculosis coding 
sequences or antigens are highly antigenic and upon administration to a 
patient increase the sensitivity of tuberculosis sera. 

Monkeys immunized with a composition comprising a mixture of two 
antigens (MTB72F and MTB8.4) showed weight stabilization and low 
erythrocyte sedimentation rate (ESR) {max 10) compared to those immunized 
with single antigen (MTB8.4) which showed weight loss and high ESR (max 
30) . 
Dwg. 0/7 

L16 ANSWER 17 OF 47 CAPLUS COPYRIGHT 2003 ACS 
AN 2001:265269 CAPLUS 
DN 134:309685 

TI Fusion proteins of Mycobacterium tuberculosis 

IN Skeiky, Yasir; Reed, Steven; Houghton, Raymond L. ; Mcneill, Patricia D.; 

Dillon, Davin C. ; Lodes, Michael L. 
PA Corixa Corporation, USA 
SO PCT Int. Appl . , 168 pp. 

CODEN: PIXXD2 
DT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



WO 


2001024820 


Al 


20010412 




WO 2000-US28095 


20001010 








W: 


AE, 


AG, 


AL, 


AM, 


AT, 


AU, 


AZ, 


BA, 


BB, 


BG, 


BR, 


BY, 


BZ, 


CA, 


CH, 


CN, 






CR, 


cu, 


cz, 


DE, 


DK, 


DM, 


DZ, 


EE, 


ES, 


FI, 


GB, 


GD, 


GE, 


GH, 


GM, 


HR, 






HU, 


ID, 


IL, 


IN, 


IS, 


JP, 


KE, 


KG, 


KP, 


KR, 


KZ, 


LC, 


LK, 


LR, 


LS, 


LT, 






LU, 


LV, 


MA, 


MD, 


MG, 


MK, 


MN, 


MW, 


MX, 


MZ, 


NO, 


NZ, 


PL, 


PT, 


RO, 


RU, 






SD, 


SE, 


SG, 


si, 


SK, 


SL, 


TJ, 


TM, 


TR, 


TT, 


TZ, 


UA, 


UG, 


US, 


UZ, 


VN, 






YU, 


ZA, 


ZW, 


AM, 


AZ, 


BY, 


KG, 


KZ, 


MD, 


RU, 


TJ, 


TM 












RW: 


GH, 


GM, 


KE, 


LS, 


MW, 


MZ, 


SD, 


SL, 


SZ, 


TZ, 


UG, 


ZW, 


AT, 


BE, 


CH, 


CY, 






DE, 


DK, 


ES, 


FI, 


FR, 


GB, 


GR, 


IE, 


IT, 


LU, 


MC, 


NL, 


PT, 


SE, 


BF, 


BJ, 






CF, 


CG, 


CI, 


CM, 


GA, 


GN, 


GW, 


ML, 


MR, 


NE, 


SN, 


TD, 


TG 








EP 


1229931 




Al 


20020814 




EP 2000-970785 


20001010 








R: 


AT, 


BE, 


CH, 


DE, 


DK, 


ES, 


FR, 


GB, 


GR, 


IT, 


LI, 


LU, 


NL, 


SE, 


MC, 


PT, 






IE, 


si, 


LT, 


LV, 


FI, 


RO, 


MK, 


CY, 


AL 
















US 


1999 


-158338P 


P 




19991007 






















US 


1999 


-158425P 


P 




19991007 






















WO 


2000 


-US28095 


W 




20001010 























AB The present invention relates to fusion proteins contg. at least two 
Mycobacterium species antigens. In particular, it relates to nucleic 
acids encoding fusion proteins that include two or more individual M. 
tuberculosis antigens, which increase serol . sensitivity of sera 
from individuals infected with tuberculosis, and methods for 
their use in the diagnosis, treatment, and prevention 
of tuberculosis infection. 
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TI Direct ex vivo analysis of antigen-specific IFN-gamma-secreting CD4 T 
cells in Mycobacterium tuberculosis -infected individuals: 
associations with clinical disease state and effect of treatment 

AU Pathan A A; Wilkinson K A; Klenerman P; McShane H; Davidson R N; Pasvol G; 

Hill A V; Lalvani A 
CS Nuffield Department of Clinical Medicine, University of Oxford, John 

Radcliffe Hospital, Oxford, United Kingdom. 



combined prime-boost vaccination did not considerably enhance 
protection. 
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TI Protection of mice with a tuberculosis subunit vaccine 

based on a fusion protein of antigen 85b and esat-6. 
AU Weinrich Olsen A; van Pinxteren L A; Meng Okkels L; Birk Rasmussen P; 

Andersen P 

CS Department of TB Immunology, Statens Serum Institute, Copenhagen, Denmark. 
SO INFECTION AND IMMUNITY, (2001 May) 69 (5) 2773-8. 
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AB In this study, we investigated the potential of a tuberculosis 
subunit vaccine based on fusion proteins of the immunodominant 
antigens ESAT-6 and antigen 85B. When the fusion 

proteins were administered to mice in the adjuvant combination dimethyl 
dioctadecylammonium bromide -monophosphoryl lipid A, a strong 
dose-dependent immune response was induced to both single components as 
well as to the fusion proteins. The immune response induced was 
accompanied by high levels of protective immunity and reached the level of 
Mycobacterium bovis BCG- induced protection over a broad dose range. The 
vaccine induced efficient immunological memory, which remained 
stable 30 weeks postvaccination. 
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Tuberculosis subunit vaccine development: On the role 
of interferon- . gamma . . 
Agger E.M.; Andersen P. 

P. Andersen, Department of TB Immunology, Statens Serum Institute, 
Artillerivej 5, 2300 Copenhagen S, Denmark, pa@ssi.dk 
Vaccine, (21 Mar 2001) 19/17-19 (2298-2302) . 
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026 Immunology, Serology an£ Transplantation 

037 Drug Literature Index 

English 
English 

Tuberculosis (TB) remains a major global health problem and 
subunit vaccines for the control of the disease are presently 
under development. This vaccine strategy requires an in vitro 
correlate of protection for the identification of relevant vaccine 
candidate antigens and for monitoring the induction of a protective 
cell -mediated immune response after vaccination. New studies of 
experimental vaccines in the mouse model of TB support 

interferon- .gamma . as a relevant marker for the induction of a protective 
immune response. In contrast, searching for immunodominant antigens 
capable of inducing strong interf eron- . gamma . responses in PPD positive 
healthy or TB infected individuals may not identify all relevant candidate 
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antigens for inclusion in a novel TB subunit vaccine. . COPYRGT. 
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TI Enhanced contact tracing and spatial tracking of Mycobacterium 

tuberculosis infection by enumeration of antigen-specific T cells. 
AU Lalvani A.; Pathan A. A. ; Durkan H.; Wilkinson K.A. ; Whelan A.; Deeks J.J.; 

Reece W.H.H.; Latif M. ; Pasvol G.; Hill A.V.S. 
CS Dr. A. Lalvani, Nuffield Dept. of Clinical Medicine, University of Oxford, 

John Radcliffe Hospital, Oxford 0X3 9DU, United Kingdom. 

a j it . lalvani@ndm . ox . ac . uk 
SO Lancet, (23 Jun 2001) 357/9273 (2017-2021) . 
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AB Background: Identification of individuals latently infected with 
Mycobacterium tuberculosis is an important part of 
tuberculosis control. The current method, the tuberculin skin test 
(TST) , has poor specificity because of the antigenic cross-reactivity of 
purified protein derivative (PPD) with M bovis BCG vaccine and 
environmental mycobacteria. ESAT-6 is a secreted 
antigen that is highly specific for M tuberculosis complex, but 
is absent from M bovis BCG. With an enzyme-linked immunospot (ELISPOT) 
assay for interferon gamma, we have identified ESAT-6 
-specific T cells as an accurate marker of M tuberculosis 
infection. Methods: We did a prospective, masked study of 50 healthy 
contacts, with varying but well defined degrees of exposure to M 
tuberculosis, who attended an urban contact-tracing clinic. We 
assessed and compared the efficacy of our assay and TST for detection of 
symptomless infected individuals by correlation of test results with the 
degree of exposure to an infectious index case. Findings: The ESAT 
-6 ELISPOT assay results had a strong positive relation with 
increasing intensity of exposure (odds ratio=9.0 per unit increase in 
level of exposure [95% CI 2.6-31.6], p=0.001), whereas TST results had a 
weaker relation with exposure (1.9 [1.0-3.5], p=0.05). By contrast, 
ELISPOT results were not correlated with BCG vaccination status 
(p=0.7), whereas TST results were significantly more likely to be positive 
in BCG-vaccinated contacts (12.1 [1.3-115.7], p=0.03). 

Interpretation: This new antigen-specific T cell-based assay could allow 
more accurate identification of symptom-free individuals recently exposed 
to M tuberculosis, and thereby help to improve 
tuberculosis control . 
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TI Tuberculin skin testing compared with T-cell responses to Mycobacterium 
tuberculosis-specific and nonspecific antigens for detection of 
latent infection in persons with recent tuberculosis contact. 

AU Arend S M; Engelhard A C; Groot G; de Boer K; Andersen P; Ottenhoff T H; 
van Dissel J T 

CS Department of Infectious Diseases, Leiden University Medical Center, 

Leiden, The Netherlands., s.m.arend@lumc.nl 
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AB The tuberculin skin test (TST) is used for the identification of latent 
tuberculosis (TB) infection (LTBI) but lacks specificity in 
Mycobacterium bovis BCG-vaccinated individuals, who constitute 
an increasing proportion of TB patients and their contacts from regions 
where TB is endemic. In previous studies, T-cell responses to 
ESAT-6 and CFP-10, M. tuberculosis-specific 

antigens that are absent from BCG, were sensitive and specific for 
detection of active TB. We studied 44 close contacts of a patient with 
smear-positive pulmonary TB and compared the standard screening procedure 
for LTBI by TST or chest radiographs with T-cell responses to M. 
tuberculosis-specific and nonspecific antigens. Peripheral blood 
mononuclear cells were cocultured with ESAT-6, CFP-10, 
TB10.4 (each as recombinant antigen and as a mixture of overlapping 
synthetic peptides) , M. tuberculosis sonicate, purified protein 
derivative (PPD) , and short-term culture filtrate, using gamma interferon 
production as the response measure. LTBI screening was by TST in 36 
participants and by chest radiographs in 8 persons. Nineteen contacts 
were categorized as TST negative, 12 were categorized as TST positive, and 
5 had indeterminate TST results. Recombinant antigens and peptide 
mixtures gave similar results. Responses to TB10.4 were neither sensitive 
nor specific for LTBI. T-cell responses to ESAT-6 and 
CFP-10 were less sensitive for detection of LTBI than those to PPD (67 
versus 100%) but considerably more specific (100 versus 72%) . The 
specificity of the TST or in vitro responses to PPD will be even less when 
the proportion of BCG-vaccinated persons among TB contacts 
evaluated for LTBI increases. 
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TI Uncommon presentations of tuberculosis: the potential value of a 
novel diagnostic assay based on the Mycobacterium tuberculosis 
-specific antigens ESAT-6 and CFP-10. 

AU Arend S M; Ottenhoff T H; Andersen P; van Dissel J T 

CS Department of Infectious Diseases, Leiden University Medical Center, The 
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AB SETTING: Leiden University Medical Center, Leiden, the Netherlands. 
OBJECTIVE: To illustrate the potential value of a recently developed 
diagnostic assay for detection of tuberculosis (TB) , based on T 
cell responses to the early secreted antigenic target 6 kDa protein ( 
ESAT-6) and culture filtrate protein 10 (CFP-10) . These 
antigens are Mycobacterium tuberculosis specific because they 
are expressed by M. tuberculosis but absent from M. bovis 
bacille Calmette-Guerin (BCG) and most environmental mycobacteria. In 
recent studies, the assay had a high sensitivity and specificity for 



derivatives (PPDs) , which are poorly-defined mixtures containing many 
individual antigenic components. It is known that false-positive 
responses to these reagents can occur in cattle which are not infected 
with TB, largely because of that antigenic complexity. This paper reviews 
recent approaches to the characterization of more precisely defined 
diagnostic tools which can be used to develop tests with greater 
specificity. For example, the low mass secreted protein ESAT- 
6 has been shown to be capable of differentiating TB-infected 
cattle from those which develop responsiveness to PPD through contact with 
environmental mycobacteria or vaccination with BCG. The 
information which has accumulated in recent years has shown that the 
increased specificity is associated with some decrease in test 
sensitivity, but the overall advantages of being able to make precise 
diagnostic decisions will have significant advantages in many situations. 
Copyright 2001 Harcourt Publishers Ltd. 
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compounds, cell adhesion molecules. 
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NOVELTY - A method for preparing ligand presenting assemblies (LPAs) using 
solid phase synthesis, ring- format ion with a di-, tri- or tetracarboxylic 
acid and cleavage, is new. 

DETAILED DESCRIPTION - The method for preparing a ligand presenting 
assembly (LPA) enabling presentation of desired sequences comprises: 

(a) providing by solid phase synthesis, or fragment coupling, ligands 
comprising desired sequences, the ligands being attached to a solid phase; 

(b) if necessary, deprotecting any N-terminal amino groups while the 
ligands are still attached to the solid phase; 

(c) reacting the ligands having unprotected N-terminal amino groups 
with an achiral di-, tri- or tetracarboxylic acid, to provide a construct 
having a ring structure; and 

(d) cleaving the construct from the solid phase, to provide an LPA 
comprising ligands having free C-terminal groups. 

INDEPENDENT CLAIMS are also included for the following: 

(1) an LPA obtained by the novel method; 

(2) an immunological composition for raising an immune response in an 
animal, including a human, comprising the LPA of (1) ; 

(3) a method for generating antibodies in an animal, including a 
human, comprising administering an antibody-generating amount of the LPA 



of (1) ; and 

(4) a kit for use in the diagnosis of infections caused by viruses, 
bacteria, toxins, allergens, autoimmune system-related compounds, cancer 
related compounds, cell adhesion molecules, neurotropic factors, fungi, 
parasites, or Borrelia burgdorferi sensu lato, comprises an LPA of (1) 
together with a device for detecting or visualizing binding between the 
LPA and the substance to be detected. 

ACTIVITY - Antiviral; antibacterial; antiallergic; immunosuppressive; 
immunostimulant ; cytostatic; antifungal ; antiparasitic; neuroprotective . 

MECHANISM OF ACTION - Vaccine- The capability of an LPA to 
induce a humoral immune response was studied by immunizing mice with 
LPA-VI (derived from the antigenic sequence of OspC from BB 
ProValValAlaGluSerProLysLysPro) . 5 female C57 black mice (age 6-8 weeks) 
were immunized twice, intraperitoneally, with a 2 -week interval and were 
bled on days 0, 14, and 28. Each immunization dose contained 5 mu g of 
LPA-VI dissolved in 0.25ml 0.9% NaCl and supplemented with lmg Al(OH)3 and 
0.25ml Freunds incomplete adjuvant. The serum samples were diluted 
200-fold and then tested by Enzyme linked immunosorbant assay (ELISA) for 
Ig reactivity against OspC produced in recombinant form (see W097/42221) 
and LPA- I. It was concluded that LPA-VI is highly effective in inducing 
antibodies against the C-terminal B-cell epitope of OspC since the mice 
generated antibodies which recognize both recombinant OspC and LPA-I. 

USE - The LPAs can be used for raising an immune response in an 
animal (claimed) . They can be used in vaccines and for 
generating antibodies in an animal (claimed) . They can be used for the 
treatment/ alleviation or prophylaxis of diseases caused by 
viruses, bacteria, toxins, allergens, autoimmune system-related compounds, 
cancer related compounds, cell adhesion molecules, neurotropic factors, 
fungi or parasites (claimed) . They can also be used for detection and 
diagnosis . 

ADVANTAGE - Using the method it is possible to prepare very long ring 
systems interconnected by reaction with the achiral di-, tri- or 
tetracarboxylic acid. The ring structure formed between desired sequences 
further enables additional presentation of desired sequences and chemical 
moieties. The LPAs provide very flexible systems for polyfunctional 
constructs, and furthermore, products of high purity are obtained. 
Dwg. 0/12 
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AB Intracellular flow cytometry analysis of perforin production by CD8 ( + ) T 
cells showed levels were greatly reduced in tuberculosis (TB) 
patients compared to healthy controls. Reduced cytotoxic-T-lymphocyte 
activity was also obtained with CD8(+) T cells from TB patients compared 
to healthy controls in The Gambia. A change in antigen recognition was 
noted between the two groups of donors: in addition to recognition of 
Ag85A and Ag85B, as seen in healthy donors, a prominent ESAT- 
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AB A scientific review of the recent sharp increase in bovine 

tuberculosis in Great Britain has concluded that the development 

of a cattle vaccine holds the best prospect for long-term 

disease control. It is important to develop a diagnostic test that 

differentiates between vaccinated and Mycobacterium 

bovis- infected animals, to ensure that test-and-slaughter control 

strategies can continue alongside vaccination- The 

mycobacterial antigens ESAT-6/ MPB64, and MPB83 are 

expressed at high levels in M . bovis but are expressed at low levels or 
not at all in bacille Calmette-Guerin (BCG) Pasteur. Promiscuous bovine T 
cell epitopes of these antigens were identified and formulated into a 
peptide cocktail. This cocktail and a cocktail composed of recombinant 
forms of the 3 antigens was able to distinguish cattle infected with 
virulent M. bovis from those vaccinated with BCG and from those 
sensitized to avian tuberculin in lymphocyte transformation and 
interf eron-gamma assays . 
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AB Culture filtrate from Mycobacterium tuberculosis contains 

protective antigens of relevance for the generation of a new 



antituberculosis vaccine. We have identified two previously 
uncharacterized M . tuberculosis proteins (TB7.3 and TB10.4) from 
the highly active low-mass fraction of culture filtrate. The molecules 
were characterized, mapped in a two-dimensional electrophoresis reference 
map of short-term culture filtrate, and compared with another recently 
identified low-mass protein, CFP10 (F. X. Berthet, P. B. Rasmussen, I. 
Rosenkrands, P. Andersen, and B. Gicquel . Microbiology 144:3195-3203, 
1998) , and the well -described ESAT-6 antigen. Genetic 
analyses demonstrated that TB10.4 as well as CFP10 belongs to the 
ESAT-6 family of low-mass proteins, whereas TB7.3 is a 
low-molecular-mass protein outside this family. The proteins were 
expressed in Escherichia coli, and their immunogenicity was tested in 
cultures of peripheral blood mononuclear cells from human 
tuberculosis (TB) patients, Mycobacterium bovis BCG- 
vaccinated donors, and nonvaccinated donors. The two ESAT 
-6 family members, TB10.4 and CFP10, were very strongly 

recognized and induced gamma interferon release at the same level (CFP10) 
as or at an even higher level (TBI 0.4) than ESAT-6. 
The non-ESAT-6 family member, TB7 . 3 , for comparison, 

was recognized at a much lower level. CFP10 was found to distinguish TB 

patients from BCG-vaccinated donors and is, together with 

ESAT-6 / an interesting candidate for the diagnosis of 

TB. The striking immunodomi nance of antigens within the ESAT- 

6 family is discussed, and hypotheses are presented to explain 

this targeting of the immune response during TB infection. 
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tuberculosis; 

used as immunogens and vaccines in Mycobacterium 
tuberculosis infection diagnosis and prevention 
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AB A nucleic acid (A) with a sequence of approximately 1,300 bp, or 

fragments consisting of bases 1-524, 1-481 or 525-826 of that sequence, 
or their biologically active derivatives, are claimed. Alternatively (A) 
contains at least 12 consecutive nucleotides of the sequence, is the 
complement of one of the fragments, or hybridizes under stringent 
conditions to one of the fragments. Also claimed are nucleic acids (B) 
containing the fragments of (A) fused to a sequence encoding another 
protein, recombinant vectors containing (A) or (B) , and host cells 
transformed by those vectors. The claims also cover proteins produced by 
those cells, and their oligomers and antigenic fragments. Also covered 
are polyclonal or monoclonal antibodies specific for the proteins or 
oligomers, and DNA probes and DNA primers derived from (A) , with given 
DNA sequences . The proteins are for use as immunogens and 
vaccines to protect against Mycobacterium tuberculosis 
complex bacteria, and for diagnosis of M. tuberculosis 

infection. The products can also be used to detect Mycobacterium bovis. 
The proteins encoded by (A) induce an increased protective immune 
response. (88pp) 
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TI Immunogenicity of DNA vaccines expressing tuberculosis 

proteins fused to tissue plasminogen activator signal sequences. 
AU Li Z; Howard A; Kelley C; Delogu G; Collins F; Morris S 

CS Laboratory of Mycobacteria, Center for Biologies Evaluation and Research, 
Food and Drug Administration, Bethesda, Maryland 20892, USA. 

SO INFECTION AND IMMUNITY, (1999 Sep) 67 (9) 4780-6. 
Journal code: 0246127. ISSN: 0019-9567. 
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DT Journal; Article; (JOURNAL ARTICLE) 

LA English 
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AB Novel tuberculosis DNA vaccines encoding native 

ESAT-6, MPT-64, KatG, or HBHA mycobacterial proteins or 

the same proteins fused to tissue plasminogen activator (TPA) signal 

sequences were evaluated for their capacity to elicit humoral, 

cell -mediated, and protective immune responses in vaccinated 

mice. While all eight plasmids induced specific humoral responses, the 

constructs expressing the TPA fusions generally evoked higher antibody 

responses in vaccinated hosts. Although most of the DNA 

vaccines tested induced a substantial gamma interferon response in 

the spleen, the antigen-specific lung responses were 2- to 10-fold lower 

than the splenic responses at the time of challenge. DNA vaccines 

encoding the ESAT-6, MPT-64, and KatG antigens fused 

to TPA signal sequences evoked significant protective responses in mice 

aerogenically challenged with low doses of Mycobacterium 

tuberculosis Erdman 17 to 21 days after the final immunization. 

However, the protective response induced by live Mycobacterium bovis BCG 

vaccine was greater than the response induced by any of the DNA 

vaccines tested. These results suggest that the 

tuberculosis DNA vaccines were able to elicit 

substantial immune responses in suitably vaccinated mice, but 
further refinements to the constructs or the use of alternative 
immunization strategies will be needed to improve the efficacy of these 
vaccine candidates . 

L16 ANSWER 38 OF 47 MEDLINE 

AN 1999184991 MEDLINE 

DN 99184991 PubMed ID: 10085007 

TI Differential protective efficacy of DNA vaccines expressing 

secreted proteins of Mycobacterium tuberculosis. 
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AB The development of more-effective antituberculosis vaccines 

would assist in the control of the global problem of infection with 

Mycobacterium tuberculosis- One recently devised 

vaccination strategy is immunization with DNA plasmids encoding 

individual microbial genes. Using the genes for the M. 

tuberculosis secreted proteins MPT64 (23 kDa) , Ag85B (30 kDa) , and 



respond. In summary, our results suggest that peptide and protein 
cocktails can be designed to discriminate between M. bovis infection and 
BCG vaccination. 
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AB Human T cell responses to ESAT-6 and eight synthetic 

overlapping peptides were investigated in tuberculosis (TB) 
patients and control subjects from regions of high and low endemicity for 
TB. ESAT-6 was recognized by 65% of all tuberculin 

purified protein derivative-responsive TB patients, whereas only 2 of 29 
bacille Calmette-Guerin-vaccinated Danish healthy donors 

recognized this molecule. In Ethiopia, a high frequency (58%) of healthy 
contacts of TB patients recognized ESAT-6 . All of the 
peptides were recognized by some donors, indicating that the molecule 
holds multiple epitopes. Danish and Ethiopian patients differed in the 
fine specificity of their peptide responses. Recognition of the C-terminal 
region (aa 72-95) was predominant in Danish patients, whereas recognition 
of aa 42-75 was predominant in Ethiopia. The relationship of these 
differences to the distribution of HLA types in the two populations is 
discussed. This study demonstrates that ESAT-6 is 

frequently recognized during early infection and holds potential as a 
component of a future TB-specific diagnostic reagent. 
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Tuberculosis continues to be a worldwide problem for both humans 
and animals. The development of tests to differentiate between infection 
with Mycobacterium tuberculosis or Mycobacterium bovis and 
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vaccination with M. bovis BCG could greatly assist in the 
diagnosis of early infection as well as enhance the use of 
tuberculosis vaccines on a wider scale. Recombinant 

forms of four major secreted proteins of M. bovis -MPB59 , MPB64, MPB70, and 

ESAT-6-were tested in a whole-blood gamma interferon 

(IFN-gamma) assay for differentiation between cattle vaccinated 

with BCG and those experimentally infected with M. bovis. BCG 

vaccination induced minimal protection in the present study, with 

similar numbers of animals infected with M. bovis in BCG- 

vaccinated and nonvaccinated groups. Following 

vaccination with BCG, the animals produced moderate IFN-gamma 

responses to bovine purified protein derivative (PPDB) but very weak 

responses to the recombinant antigens. Cattle from both the BCG- 

vaccinated and nonvaccinated groups which were M. bovis culture 

positive following challenge produced IFN-gamma responses to PPDB and 

ESAT-6 which were significantly stronger than those 

observed in the corresponding M. bovis culture-negative animals. 

IFN-gamma responses to MPB59, MPB64 , and MPB70 were significantly weaker, 

and these antigens could not discriminate between vaccinated 

animals which develop disease and the culture-negative animals. The 

results of the study indicate that of the four antigens tested in the 

IFN-gamma assay, only ESAT-6 would be suitable for 

differentiating BCG-vaccinated animals from those infected with 

bovine tuberculosis. 
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A pure polypeptide fragment (I) is new, which comprises: (a) an amino acid 
sequence selected from one of the sequences shown; (b) a subsequence of 

(1) which has a length of at least 6 amino acid residues, being 
immunologically equivalent to (I) with respect to the ability of evoking a 
protective immune response against infections with mycobacteria belonging 
to the tuberculosis complex (TC) or with respect to the ability 

of eliciting a diagnostically significant immune response indicating 
previous or ongoing sensitisation with antigens derived from mycobacteria 
belonging to the TC; or (c) an amino acid sequence having a sequence 
identity with (a) or the subsequence as in (b) of at least 70% and at the 
same time being immunologically equivalent to (I) with respect to the 
ability of evoking a protective immune response against infections with 
mycobacteria belonging to the TC or with respect to the ability of 
eliciting a diagnostically significant immune response indicating previous 
or ongoing sensitisation with antigens derived from mycobacteria belonging 
to the TC; provided that: (i) the polypeptide fragment is in pure form 
when consisting of the amino acid sequence 1-92 of Seq ID 2; or when 
consisting of the amino acid sequence 87-108 of Seq ID 4 fused to 
beta-galactosidase; (ii) the degree of sequence identity in (c) is at 
least 95% when the polypeptide comprises a homologue of a polypeptide 
which has the amino acid sequence of Seq ID 12 or a subsequence as in (b) ; 
and (iii) the polypeptide fragment contains a threonine residue 
corresponding to position 213 in Seq ID 42 when comprising an amino acid 
sequence of at least 6 amino acids in Seq ID 42. Also claimed are: (1) a 
fusion polypeptide fragment which comprises: (a) a first amino acid 
sequence including at least one stretch of amino acids constituting a 
T-cell epitope derived from Mycobacterium tuberculosis (MT) 
protein ESAT-6, and a second amino acid sequence 

including at least one T-cell epitope derived from a MT protein different 
from ESAT-6 and/or including a stretch of amino acids 

which protects the first amino acid sequence from in vivo degradation or 
post-translational processing; or (b) a first amino acid sequence 
including at least one stretch of amino acids constituting a T-cell 
epitope derived from the MT protein MPT59, and a second amino acid 
sequence including at least one T-cell epitope derived from a MT protein 
different from MPT59 and/or including a stretch of amino acids which 
protects the first amino acid sequence from in vivo degradation or 
post-translational processing; (2) a nucleic acid fragment in isolated 
form which: (a) comprises a nucleic acid sequence which encodes (I) or a 
polypeptide as in (1) or comprises a complementary nucleic acid sequence; 
(b) has a length of at least 10 nucleotides and hybridises readily under 
stringent hybridisation conditions with a nucleic acid fragment which has 
a nucleotide sequence (NS) selected from sequences 1, 3, 5, 7, 9, 11, 13, 
15, 41, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 87, 89, 91, 
93, 140, 142, 144, 146, 148, 150, and 152; or a complementary sequence, 
provided that when the nucleic acid fragment comprises a subsequence of 
Seq ID 41, then the nucleic acid fragment contains an A corresponding to 
position 781 in Seq ID 41, and when the nucleic acid fragment comprises a 
subsequence of a NS complementary to Seq ID 41, then the nucleic acid 
fragment comprises a T corresponding to position 781 in Seq ID 41; (3) a 
replicable expression vector which comprises a nucleic acid fragment as in 

(2) ; (4) a transformed cell harbouring at least one vector as in (3); (5) 
a monoclonal or polyclonal antibody which is specifically reactive with a 
(I) or a polypeptide as in (1) . 

USE The products can be used in the detection of and 
prevention of mycobacterial infections. In particular, the 
polypeptides and nucleic acids can be used for the diagnosis of or 



vaccination against tuberculosis caused by MT, M 
africanum or M. bovis. 
Dwg. 0/6 
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A polypeptide comprising an immunogenic portion of a soluble Mycobacterium 

tuberculosis (MT) antigen, or a variant of the antigen that 

differs only in conservative substitutions and/or modifications is new. 

The antigen has an N-terminal sequence selected from (I) -(XII), given 

below. 



Asp- Pro-Val -Asp-Ala -Val- 1 le-Asn-Thr-Thr-Cys -Asn-Tyr-Gly-Gln-Val-Val- 
Ala-Ala-Leu (I) 

Ala-Val-Glu-Ser-Gly-Met-Leu-Ala-Leu-Gly-Thr- Pro-Ala- Pro-Ser (II) 
Ala-Ala-Met-Lys-Pro-Arg-Thr-Gly-Asp-Gly-Pro-Leu-Glu-Ala-Ala-Lys-Glu- 
Gly-Arg (III) 

Tyr-Tyr-Trp-Cys-Pro-Gly-Gln-Pro-Phe-Asp-Pro-Ala-Trp-Gly-Pro (IV) 
Asp-Ile-Gly-Ser-Glu-Ser-Thr-Glu-Asp-Gln-Gln-Xaa-Ala-Val (V) 
Ala-Glu-Glu-Ser-Ile-Ser-Thr-Xaa-Glu-Xaa-Ile-Val-Pro (VI) 
Asp- Pro-Glu-Pro-Ala- Pro- Pro- Val- Pro -Thr-Thr-Ala -Ala -Ser- Pro -Pro-Ser 

(VII) 

Ala-Pro-Lys-Thr-Tyr-Xaa-Glu-Glu-Leu-Lys-Gly-Thr-Asp-Thr-Gly (VIII) 
Asp- Pro-Apa-Ser-Ala- Pro-Asp- Val -Pro -Thr-Ala -Ala -Gln-Leu-Thr- Ser-Leu- 
Leu-Asn-Ser-Leu-Ala-Asp-Pro-Asn-Val-Ser-Phe-Ala-Asn ( IX) 

Ala- Pro-Glu-Ser-Gly-Ala-Gly-Leu-Gly-Leu-Gly-Gly-Thr- Val -Gin-Ala -Gly 

(X) 

Asp- Pro- Pro -Asp- Pro-His -Gln-Xaa -Asp-Met -Thr-Lys -Gly-Tyr-Tyr- Pro-Gly- 
Gly-Arg-Arg-Xaa-Phe (XI) 

Xaa-Tyr- I le-Ala-Tyr-Xaa -Thr-Thr-Ala Gly (XII) 
Xaa = any amino acid. 

Also claimed are: (1) a polypeptide as above that is encoded by one 
of seventy- five specified DNA sequences given in the specification; (2) a 
DNA molecule (I) as in (1); (3) an expression vector comprising (I); (4) a 
host cell transformed with an expression vector as in (3) ; (5) a fusion 
protein comprising: (a) two or more polypeptides described above; (b) one 
or more polypeptides as described above and ESAT-6 (a 
previously identified antigen found in both M. bovis and M. 
tuberculosis; sequence given below) or the M. tuberculosis 
antigen 3 8 kD (374 amino acid sequence given in the specification) : 

Met Thr Glu Gin Gin Trp Asn Phe Ala Gly He Glu Ala Ala Ala Ser Ala 
He Gin Gly Asn Val Thr Ser He His Ser Leu Leu Asp Glu Gly Lys Gin Ser 
Leu Thr Lys Leu Ala Ala Trp Gly Gly Ser Gly Ser Glu Ala Tyr (ESAT 
-6) ; and 

(6) a diagnostic kit comprising: (a) a polypeptide or fusion protein 
as described above, especially having an N- terminal sequence selected 
from: Xaa-Asp-Ser-Glu-Lys-Ser-Ala-Thr-Ile-Lys-Val-Thr-Asp-Ala-Ser; and 
Ala-Gly-Asp-Thr-Xaa-Ile-Tyr-Ile-Val-Gly-Asn-Leu-Thr-Ala-Asp; and (b) 
apparatus to contact the polypeptide or fusion protein with the dermal 
cells of a patient. 

USE - The products can be used for the detection of MT infection for 
diagnosing tuberculosis. They can also be used to provide 
vaccines for preventing or treating 
tuberculosis • 
Dwg. 0/9 
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AB We have screened peripheral blood mononuclear cells (PBMC) from 
tuberculosis (TB) patients for proliferative reactivity and 
interferon- .gamma . ( IFN- . gamma . ) secretion against a panel of purified 
recombinant (r) and natural (n) culture filtrate (rESAT-6, nMPT59, nMPT64 
and nMPB70) and somatic- derived (rGroES, rPstS, rGroEL and rDnaK) 
antigens of Mycobacterium tuberculosis. The responses of PBMC to 
these defined antigens were compared with the corresponding results 
obtained with complex antigens, such as whole- cell M. 
tuberculosis, M. tuberculosis culture filtrate (MT-CF) 
and cell wall antigens, as well as the vaccine strain, 
Mycobacterium bovis bacillus Calmette-Guerin (BCG) . In addition, M. 
tuberculosis and MT-CF- induced T-cell lines were tested in the 
same assays against the panel of purified and complex antigens. The 
compiled data from PBMC and T-cell lines tested for antigen- induced 
proliferation and IFN-. gamma, secretion showed that the most frequently 
recognized antigen was ESAT-6, followed by MPT59, 
GroES, MPB70, MPT64, DnaK, GroEL and PstS. The frequency of ESAT 
-6 responders, as measured both by proliferation (18/19) and 
secretion of IFN-. gamma. (16/19) was comparable to the results obtained 
with whole-cell M. tuberculosis, MT-CF and M. bovis BCG. We also 
observed that most of the high responders to complex antigens recognized 
all of the antigens tested (covariation) , demonstrating that the 
repertoire of human T-cell specificities induced by natural infection is 
directed towards several unrelated culture filtrate as well as somatic- 
derived protein antigens. In conclusion, the results obtained suggest that 
the cellular immune response in humans is directed against several 
important target antigens of M. tuberculosis and that some 
antigens, such as ESAT-6, are recognized by a high 

number of individuals. Such antigens represent candidates to be used for 
development of specific diagnostic reagents or in subunit vaccines 
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natural immunity to vaccine design. 
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AB 1 .Mycobacterium tuberculosis and the liver stage of Plasmodium 

falciparum are intracellular pathogens which are potentially susceptible 

to cytotoxic T-lymphocytes , a crucial component of the protective immune 

response to viral infections. Evidence from animal models points to a 

protective role for cytotoxic T-lymphocytes against M. 

tuberculosis and P. falciparum, but cytotoxic T-lymphocytes 

specific for these pathogens have been difficult to identify in 

man. 2. Using a reverse immunogenetic approach, candidate epitopes from 

selected antigens of P. falciparum and M. tuberculosis were used 

to detect peptide-specif ic cytotoxic T-lymphocyte responses in individuals 

exposed to these pathogens. Cytotoxic T-lymphocyte activity was detected 

by the 51Cr release cytotoxicity assay and a sensitive ELISPOT assay for 

single-cell interf eron-gamma release. 3. In naturally exposed, partially 
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AB Bioinf ormatics tools have the potential to accelerate research into the 

design of vaccines and diagnostic tests by exploiting genome sequences. 

The aim of this study was to assess whether in silico analysis could be 

combined with in vitro screening methods to rapidly identify peptides that 

are immunogenic during Mycobacterium bovis infection of cattle. In the 

first instance the M. bovis-derived protein ESAT-6 was 

used as a model antigen to describe peptides containing T-cell epitopes 
that were frequently recognized across mammalian species, including 
natural hosts for tuberculosis (humans and cattle) and 
small-animal models of tuberculosis (mice and guinea pigs) . 
Having demonstrated that some peptides could be recognized by T cells from 
a number of M. bovis-inf ected hosts, we tested whether a 
virtual -matrix-based human prediction program (ProPred) could identify 
peptides that were recognized by T cells from M. bovis-inf ected cattle. 
In this study, 73% of the experimentally defined peptides from 10 M. bovis 
antigens that were recognized by bovine T cells contained motifs predicted 
by ProPred. Finally, in validating this observation, we showed that three 
of five peptides from the mycobacterial antigen Rv3019c that were 
predicted to contain HLA-DR-restricted epitopes were recognized by T cells 
from M. bovis-inf ected cattle. The results obtained in this study support 
the approach of using bioinf ormatics to increase the efficiency of epitope 
screening and selection. 
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TI Human Thl cell lines recognize the Mycobacterium tuberculosis 

ESAT-6 antigen and its peptides in association with 

frequently expressed HLA class II molecules. 
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AB We have used a. synthetic -peptide approach to map epitope regions of the 

Mycobacterium tuberculosis ESAT-6 antigen 

recognized by human T cells in relation to major histocompatibility 
complex (MHC) restriction. ESAT-6 -specif ic CD4+ 

T-cell lines were established by stimulating peripheral blood mononuclear 
cells from 25 HLA-DR- typed tuberculosis patients with complete 
antigen in vitro. The established T-cell lines were then screened for 
proliferation and interf eron-gamma (IFN-gamma) secretion in response to 
eight overlapping 2 0-mer peptides covering the ESAT-6 
sequence. The response of the T-cell lines to ESAT-6 

and peptides from a human leucocyte antigen (HLA) -heterogeneous group of 
donors suggested the presence of multiple epitopes and promiscuous 
recognition of the antigen. Analysis of antigen and peptide recognition 
in the presence of anti-HLA class I and class II antibodies suggested that 
the T-cell lines recognized ESAT-6 in association with 

HLA-DR and -DQ molecules. Furthermore, testing of selected T-cell lines 
with ESAT-6 and the peptides in the presence of 

autologous and allogeneic HLA-DR- and -DQ-typed antigen-presenting cells 
identified HLA-DR2, -DR52 and -DQ2 amongst the HLA molecules involved in 
the presentation of ESAT-6 and its peptides to human 

Thl cells. In addition, the T-cell lines were cytotoxic for monocytes and 
macrophages pulsed with ESAT-6 and peptides. In 
conclusion, the recognition of ESAT-6 by 

IFN-gamma-secreting and cytotoxic CD4+ T cells in association with 
frequently expressed HLA class II molecules supports the application of 
this antigen to either specific diagnosis or subunit vaccine design. 
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AB The invention discloses a method for detg. the efficacy of treatment for 

mycobacterial infection in an individual, comprising detg. in samples from 
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AB OBJECTIVES: An accurate test for Mycobacterium tuberculosis 

infection is urgently needed. The tuberculin skin test (TST) lacks 
sensitivity, particularly in HIV-infected individuals, and has poor 
specificity because of antigenic cross-reactivity with Bacillus 
Calmette-Guerin (BCG) vaccination. ESAT-6 and CFP-10 
are antigens expressed in Mycobacterium tuberculosis, but not in 
Mycobacterium bovis BCG and most environmental mycobacteria. We 
investigated whether T cells specific for these antigens could serve as 
accurate markers of M. tuberculosis infection in an area of high 
tuberculosis and HIV prevalence. METHODS: Using the rapid ex-vivo 
enzyme-linked immunospot (ELISPOT) assay for IFN-gamma, we enumerated T 
cells specific for ESAT-6 , CFP-10 and purified protein 
derivative (PPD) in blood samples from 50 Zambian tuberculosis 
patients, 75 healthy Zambian adults, and 4 0 healthy UK residents. TSTs 
were performed in 49 healthy Zambian adults. RESULTS: All (100%; n = 11) 
and 90% (n = 39) of HIV-negative and HIV-positive tuberculosis 
patients, respectively, had detectable ESAT-6- or 
CFP-10-specif ic T cells. The ESAT-6/CFP-10-based 

ELISPOT assay was positive in 37 out of 54 HIV-negative healthy Zambians, 
suggesting a 69% prevalence of latent M. tuberculosis infection. 
Fewer HIV-positive Zambians possessed ESAT-6 

/CFP-10-specif ic T cells, but the impact of HIV infection was less on this 
assay than on the PPD-based ELISPOT or TST. CONCLUSION: The ESAT 
-6/CFP-10-based ELISPOT assay detects active 

tuberculosis in HIV-positive individuals with high sensitivity. 

It is more specific, and possibly more sensitive, than PPD-based methods 

of detecting latent M. tuberculosis infection, and may 

potentially improve the targeting of isoniazid preventative therapy to 

HIV-positive individuals with latent tuberculosis infection. 

Copyright 2002 Lippincott Williams & Wilkins 
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AB Knowledge of the prevalence of latent Mycobacterium tuberculosis 

infection is crucial for effective tuberculosis control, but 

tuberculin skin test surveys have major limitations, including poor 

specificity because of the broad antigenic cross-reactivity of tuberculin. 

The M. tuberculosis RD1 genomic segment encodes proteins, such 

as early secretory antigenic target (ESAT) -6, that are 

absent from M. bovis bacille Calmette-Guerin (BCG) and most environmental 



expressed a fusion protein, while rBCG-2, with a secretory sequence, could 
secret ESAT-6 into the culture medium. There was no evidence for 
increased virulence of the two rBCG strains when we made a comparison 
between them and BCG with regard to organ bacterial loads, lung histology, 
and survival time. rBCG-1 induced significantly higher specific antibody 
titers and stronger cellular immune response than BCG, whereas rBCG-2 had 
immunogenicity similar to that of the parental BCG strain. Both rBCG-1 
and rBCG-2 conferred marked protection against M . tuberculosis 
infection, yet in terms of protective efficacy, they showed no significant 
improvements upon conventional BCG vaccine. 
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TI A DNA prime -live vaccine boost strategy in mice can augment IFN-gamma 

responses to mycobacterial antigens but does not increase the protective 
efficacy of two attenuated strains of Mycobacterium bovis against bovine 
tuberculosis • 

AU Skinner M A; Ramsay A J; Buchan G S; Keen D L; Ranasinghe C; Slobbe L; 
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AB The Mycobacterium bovis bacille Calmette-Guerin (BCG) vaccine has variable 
efficacy for both human and bovine tuberculosis. There is a 
need for improved vaccines or vaccine strategies for control of these 
diseases. A recently developed prime-boost strategy was investigated for 
vaccination against M. bovis infection in mice. BALB/c and C57BL/6 mice 
were primed with a DNA vaccine, expressing two mycobacterial antigens, 
ESAT-6 and antigen 85 A and boosted with attenuated M. bovis strains, BCG 
or WAg520, a newly attenuated strain, prior to aerosol challenge. Before 
challenge, the antigen-specific production of interf eron-gamma (IFN-gamma) 
was evaluated by ELI SPOT and antibody responses were measured. The 
prime-boost stimulated an increase in the numbers of IFN-gamma producing 
cells compared with DNA or live vaccination alone, but this varied 
according to the attenuated vaccine strain, time of challenge and the 
strain of mouse used. Animals vaccinated with DNA alone generated the 
strongest antibody response to mycobacterial antigens, which was 
predominantly IgGl . BCG and WAg520 alone generally gave a 1-2 loglO 
reduction in bacterial load in lungs or spleen, compared to non-vaccinated 
or plasmid DNA only control groups. The prime-boost regimen was not more 
effective than BCG or WAg520 alone. These observations demonstrate the 
comparable efficacy of BCG and WAg520 in a mouse model of bovine 
tuberculosis. However, priming with the DNA vaccine and boosting 
with an attenuated M. bovis vaccine enhanced IFN-gamma immune responses 
compared to vaccinating with an attenuated M. bovis vaccine alone, but did 
not increase protection against a virulent M. bovis infection. 
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AB The live tuberculosis vaccines Mycobacterium bovis BCG (bacille 

Calmette-Guerin) and Mycobacterium microti both lack the potent, secreted 

T-cell antigens ESAT-6 (6-kDa early secretory 

antigenic target) and CFP-10 (10-kDa culture filtrate 

protein) . This is a result of independent deletions in the region of 

deletion-1 (RD1) locus, which is intact in virulent members of the 

Mycobacterium tuberculosis complex. To increase their 

immunogenicity and protective capacity, we complemented both vaccines with 
different constructs containing the esxA and esxB genes, which encode 
ESAT-6 and CFP-10 respectively, as well as a variable number of flanking 
genes. Only reintroduct ion of the complete locus, comprising at least 11 
genes, led to full secretion of the antigens and resulted in specific 
ESAT-6 -dependent immune responses; this suggests that the flanking genes 
encode a secretory apparatus. Mice and guinea pigs vaccinated with the 
recombinant strain BCG::RD1-2F9 were better protected against challenge 
with M. tuberculosis, showing less severe pathology and reduced 
dissemination of the pathogen, as compared with control animals immunized 
with BCG alone. 
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AB Three proteins secreted from Mycobacterium tuberculosis, Ag85B, 

ESAT-6 and MPT63 were selected as antigens for making combined DNA vaccine 
by immunizing mice. The immune response induced by the vaccine and its 
protective efficacy were studied. It was demonstrated that when mice were 
immunized with the combined DNA vaccine, the titer of antibody for Ag85B 
in serum increased to more than 10(5), but the titers of ESAT-6 and MPT63 
specific antibodies were undetectable. After the final immunization, the 
level of gamma specific for Ag85B, ESAT-6 and MPT63 reached (17.0+/-7.0) 
u/ml, (6.0+/-0.8) u/ml and (11.9+/-8.0) u/ml , respectively. Mice, that 
were inoculated with the empty eukaryotic expression vector pJW4303 DNA, 
produced negligible amounts of antigen-specific INF-gamma. The combined 



DNA vaccine resulted also in significantly reduced amount of bacteria in 
the lungs of experimental mice. Microphotographs showed clearly that 
these lungs were better protected against Mycobacterium 
tuberculosis challenge than control mice. The combined DNA 
vaccine reported in this work shed new lights on the prophylactic 
protection against tuberculosis. 
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infection with Mycobacterium tuberculosis. 
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AB Immunity against Mycobacterium tuberculosis depends largely on 

activation of cell -mediated responses, and gamma interferon has been shown 
to play a crucial role in this process in both humans and animal models. 
Since the lung is normally the organ in which infection is initiated and 
is the major site of pathology, immune responses in the lung play a 
significant role in restricting initial infection with M. 
tuberculosis. The aim of the present study was to stimulate 
efficient immunity in the lung by targeting the gut mucosa. Detoxified 
monophosphoryl lipid A (MPL) has been shown to be a relatively nontoxic 
adjuvant which efficiently promotes the induction of type 1 responses when 
it is given by the traditional subcutaneous route. We have therefore 
compared subcutaneous immunization of mice to oral immunization by using a 
model subunit vaccine carrying two immunodominant proteins from M. 
tuberculosis, in combination with MPL-based adjuvants. While less 
effective when used to prime a response, a heterologous priming and 
boosting vaccination strategy employing oral boosting induced significant 
systemic type 1 responses which equaled and surpassed those attained by 
subcutaneous immunization protocols. Moreover, the increased immune 
responses observed correlated with the induction of substantial protection 
against subsequent aerosol infection with virulent M. tuberculosis 
at levels comparable to, or better than, those obtained by multiple 
subcutaneous vaccinations. These results demonstrate that booster 
vaccinations via mucosal surfaces, by combining efficient subunit vaccines 
with the potent adjuvant MPL, may be an effective method of addressing 
some of the shortcomings of current vaccination strategies. 
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AB Vaccine development and the understanding of the pathology of bovine 
tuberculosis in cattle would be greatly facilitated by the 
definition of immunological correlates of protection and/or pathology. To 
address these questions, cattle were vaccinated with Mycobacterium bovis 
bacillus Calmette-Guerin (BCG) and were then challenged with virulent M. 
bovis. Applying a semiquantitative pathology-scoring system, we were able 
to demonstrate that BCG vaccination imparted significant protection by 
reducing the disease severity on average by 75%. Analysis of cellular 
immune responses following M. bovis challenge demonstrated that 
proliferative T-cell and gamma interferon (IFN-gamma) responses towards 
the M. bovis-specif ic antigen ESAT-6, whose gene is absent from BCG, were 
generally low in vaccinated animals but were high in all nonvaccinated 
calves. Importantly, the amount of ESAT-6-specif ic IFN-gamma measured by 
enzyme-linked immunosorbent assay after M. bovis challenge, but not the 
frequency of responding cells, correlated positively with the degree of 
pathology found 18 weeks after infection. Diagnostic reagents based on 
antigens not present in BCG, like ESAT-6 and CFP-10, were still able to 
distinguish BCG-vaccinated, diseased animals from BCG-vaccinated animals 
without signs of disease. In summary, our results suggest that the 
determination of ESAT-6-specif ic IFN-gamma, while not a direct correlate 
of protection, constitutes nevertheless a useful prognostic immunological 
marker predicting both vaccine efficacy and disease severity. 
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AB The sequence of the Mycobacterium leprae homologue of ESAT-6 shows only 
36% amino acid correspondence to that from Mycobacterium 
tuberculosis. Anti-M. leprae ESAT-6 polyclonal and monoclonal 
antibodies and T-cell hybridomas reacted only with the homologous protein 
and allowed identification of the B- and T-cell epitopes. The protein is 
expressed in M. leprae and appears in the cell wall fraction. Thus, M. 
leprae ESAT-6 shows promise as a specific diagnostic agent for leprosy. 
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bacillus. To quantitate M. tuberculosis-specific T cells 

directly ex vivo, we enumerated IFN-gamma-secreting CD4 T cells specific 

for ESAT-6, a secreted Ag that is highly specific for M. 

tuberculosis, and a target of protective immune responses in 

animal models. We found that frequencies of circulating ESAT-6 

peptide-specif ic IFN-gamma-secreting CD4 T cells were higher in latently 

infected healthy contacts and subjects with minimal disease and low 

bacterial burdens than in patients with culture-positive active pulmonary 

tuberculosis (p = 0.009 and p = 0.002, respectively). 

Importantly, the frequency of these Ag-specific CD4 T cells fell 

progressively in all groups with treatment (p = 0.005), 

suggesting that the lower responses in patients with more extensive 

disease were not due to tuberculosis- induced immune suppression. 

This population of M. tuberculosis Ag-specific Thl-type CD4 T 

cells appears to correlate with clinical phenotype and declines during 

successful therapy; these features are consistent with a role for these T 

cells in the containment of M . tuberculosis in vivo. Such 

findings may assist in the design and evaluation of novel 

tuberculosis vaccine candidates . 

L22 ANSWER 14 OF 28 MEDLINE 

AN 2001366967 MEDLINE 

DN 21321119 PubMed ID: 11427279 

TI Protective efficacy against tuberculosis of ESAT-6 secreted by a 

live Salmonella typhimurium vaccine carrier strain and expressed by naked 
DNA. 

AU Mollenkopf H J; Groine-Triebkorn D; Andersen P; Hess J; Kaufmann S H 
CS Max-Planck-Institute for Infection Biology, Department of Immunology, 

Schumannstr. 21/22, 10117 Berlin, Germany., mollenkopf@mpiib-berlin.mpg.de 
SO VACCINE, (2001 Jul 16) 19 (28-29) 4028-35. 

Journal code: 8406899. ISSN: 0264-410X. 
CY England: United Kingdom 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 200110 

ED Entered STN: 20011015 

Last Updated on STN: 20011015 
Entered Medline: 20011011 

AB We have constructed a recombinant (r) attenuated Salmonella typhimurium 
strain which secretes ESAT-6 of Mycobacterium tuberculosis via 
the hemolysin secretion system of E. coli. Additionally, we have ligated 
ESAT-6 to different commercially available mammalian expression systems 
for use as naked DNA vaccines. We studied protection against M. 
tuberculosis induced by vaccination with each of these constructs 
alone or in combination in mice. Vaccination with a single dose of r S. 
typhimurium secreting ESAT-6 reduced numbers of tubercle bacilli in the 
lungs throughout the course of infection. The combined prime-boost 
vaccination did not considerably enhance protection. 
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AB In this study, we investigated the potential of a tuberculosis 

subunit vaccine based on fusion proteins of the immunodominant antigens 
ESAT-6 and antigen 85B. When the fusion proteins were administered to 
mice in the adjuvant combination dimethyl dioctadecylammonium 
bromide -monophosphoryl lipid A, a strong dose -dependent immune response 
was induced to both single components as well as to the fusion proteins. 
The immune response induced was accompanied by high levels of protective 
immunity and reached the level of Mycobacterium bovis BCG- induced 
protection over a broad dose range. The vaccine induced efficient 
immunological memory, which remained stable 30 weeks postvaccinat ion . 
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AB SETTING: Leiden University Medical Center, Leiden, the Netherlands. 
OBJECTIVE: To illustrate the potential value of a recently developed 
diagnostic assay for detection of tuberculosis (TB) , based on T 
cell responses to the early secreted antigenic target 6 kDa protein 
(ESAT-6) and culture filtrate protein 10 (CFP-10) . These antigens are 
Mycobacterium tuberculosis specific because they are expressed 
by M. tuberculosis but absent from M. bovis bacille 

Calmette-Guerin (BCG) and most environmental mycobacteria. In recent 
studies, the assay had a high sensitivity and specificity for detection of 
active TB. DESIGN: We describe five patients with uncommon presentations 
of tuberculosis, in whom the diagnosis was delayed by negative 
or conflicting results of diagnostic procedures aimed at detection of M. 
tuberculosis and an uninf ormative tuberculin skin test. IFN-gamma 
production in response to ESAT-6 and CFP-10 by peripheral blood 
mononuclear cells from these patients was evaluated before and during 
ant i- tuberculosis treatment- RESULTS: In all five 

patients, IFN-gamma responses to ESAT-6 and/or CFP-10 were above the 
cut-off level defined in a previous study. During treatment, 
IFN-gamma responses generally increased. CONCLUSION: These results 
indicate that T cell responses to M. tuberculosis-specific 
antigens have potential diagnostic value when TB is suspected and the 
results of other diagnostic tests are inconclusive, especially in 
BCG-vaccinated individuals . 
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AB For a number of years, a major effort has been put into the identification 
of candidate molecules for inclusion in a novel vaccine against 
tuberculosis- Various techniques have been exploited and have 
resulted in the identification of immunologically important antigens such 
as the immunodominant antigens ESAT-6 and antigen 85A/B. Today, the 
availability of the total nucleotide sequence of the Mycobacterium 
tuberculosis genome enables a post-genomic antigen discovery 
approach based on denotation and screening of complete protein families 
containing immunodominant molecules. One group of genes sharing 
properties with ESAT-6 constitute what has been called the esat-6 gene 
family. The genes have 10-35% homology to esat-6, are approximately the 
same size and share genomic organization. The data accumulated so far 
demonstrate that these molecules are immunodominant antigens strongly 
recognized in human TB patients and with the potential for a novel TB 
vaccine. 
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AB In Great Britain an independent scientific review for the government has 
concluded that the development of a cattle vaccine against Mycobacterium 
bovis infection holds the best long-term prospect for tuberculosis 
control in British herds. A precondition for vaccination is the 
development of a complementary diagnostic test to differentiate between 
vaccinated animals and those infected with M. bovis so that testing and 
slaughter -based control strategies can continue alongside vaccination. To 
date bacillus Calmette-Guerin (BCG) , an attenuated strain of M. bovis, is 
the only available vaccine for the prevention of 

tuberculosis. However, tests based on tuberculin purified protein 
derivative cannot distinguish between M. bovis infection and BCG 
vaccination. Therefore, specific antigens expressed by M. bovis but 
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AB SETTING: Strains of the Mycobacterium tuberculosis complex are 
being rationally attenuated in order to develop better 
tuberculosis vaccines than BCG, and it would be helpful if new 
vaccines lacked an immunogenic protein which could be used as a skin test 
reagent for determining infection status. OBJECTIVE: To delete the esat6 
gene from a virulent Mycobacterium bovis strain and determine (i) whether 
this mutant sensitizes guinea pigs to a skin test based on ESAT6 and (ii) 
what effect this has on the virulence of M . bovis. DESIGN: An homologous 
recombination technique was used to produce an esat6 knockout mutant of a 
virulent strain of M. bovis. Guinea pigs were inoculated with either the 
mutant or parent strain and their reactivity in intradermal skin tests was 
determined to bovine purified protein derivative (PPD) and recombinant 
ESAT6 protein. RESULTS: Production of an esat6 knockout strain was 
demonstrated by Southern blot hybridization and the polymerase chain 
reaction. Guinea pigs inoculated with either the esatG knockout strain or 
its virulent parent had positive skin test reactions to PPD but only 
animal inoculated with the parent strain had positive skin test reactions 
to ESAT6. Gross pathology, histopathology and mycobacterial culture of 
tissues indicated that the knockout strain was less virulent than its 
parent. CONCLUSION: If an effective live tuberculosis vaccine 
can be produced by inactivation of virulence genes in M. bovis , then prior 
or subsequent knockout of the esat6 gene could contribute to the loss of 
virulence and enable the development of a test to distinguish between 
vaccinated and infected animals. 
2000 Harcourt Publishers Ltd. 
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AB Novel tuberculosis DNA vaccines encoding native ESAT-6, MPT-64, 

KatG, or HBHA mycobacterial proteins or the same proteins fused to tissue 
plasminogen activator (TPA) signal sequences were evaluated for their 
capacity to elicit humoral, cell -mediated, and protective immune responses 
in vaccinated mice. While all eight plasmids induced specific humoral 
responses, the constructs expressing the TPA fusions generally evoked 
higher antibody responses in vaccinated hosts. Although most of the DNA 
vaccines tested induced a substantial gamma interferon response in the 
spleen, the ant igen- specif ic lung responses were 2- to 10 -fold lower than 
the splenic responses at the time of challenge. DNA vaccines encoding the 
ESAT-6, MPT-64, and KatG antigens fused to TPA signal sequences evoked 
significant protective responses in mice aerogenically challenged with low 
doses of Mycobacterium tuberculosis Erdman 17 to 21 days after 
the final immunization. However, the protective response induced by live 
Mycobacterium bovis BCG vaccine was greater than the response induced by 



any of the DNA vaccines tested. These results suggest that the 
tuberculosis DNA vaccines were able to elicit substantial immune 
responses in suitably vaccinated mice, but further refinements to the 
constructs or the use of alternative immunization strategies will be 
needed to improve the efficacy of these vaccine candidates. 
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AB The development of more-effective antituberculosis vaccines would assist 
in the control of the global problem of infection with Mycobacterium 
tuberculosis. One recently devised vaccination strategy is 
immunization with DNA plasmids encoding individual microbial genes. Using 
the genes for the M. tuberculosis secreted proteins MPT64 (23 
kDa) , Ag85B (30 kDa), and ESAT-6 (6 kDa) as candidate antigens, DNA 
vaccines were prepared and tested for immunogenicity and protective 
efficacy in a murine model of aerosolized tuberculosis (TB) . 
Intramuscular immunization with DNA-64 or DNA-85B resulted in the 
activation of CD4(+) T cells, which produce gamma interferon (IFN-gamma) , 
and high titers of specific immunoglobulin G antibodies. Further, DNA-64 
induced major histocompatibility complex class I-restricted CD8(+) 
cytotoxic T cells. The addition of a eukaryotic leader sequence to mpt64 
did not significantly increase the T-cell or antibody response. Each of 
the three DNA vectors stimulated a significant reduction in the level of 
M. tuberculosis infection in the lungs of mice challenged 4 
weeks after immunization, but not to the levels resulting after 
immunization with Mycobacterium bovis BCG. The vaccines showed a 
consistent hierarchy of protection, with the most effective being Ag85B, 
followed by ESAT-6 and then MPT64 . Coimmunization with the three vectors 
resulted in a greater degree of protection than that induced by any single 
vector. This protective efficacy was associated with the emergence of 
IFN-gamma -secreting T cells earlier than in infected animals immunized 
with a control vector. The efficacy of these DNA vaccines suggests that 
multisubunit vaccination may contribute to future vaccine strategies 
against TB. 
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AB We have screened peripheral blood mononuclear cells (PBMC) from 
tuberculosis (TB) patients for proliferative reactivity and 
interferon- .gamma . ( I FN- . gamma . ) secretion against a panel of purified 
recombinant (r) and natural (n) culture filtrate (rESAT-6, nMPT59, nMPT64 
and nMPB70) and somatic- derived (rGroES, rPstS, rGroEL and rDnaK) 
antigens of Mycobacterium tuberculosis. The responses of PBMC to 
these defined antigens were compared with the corresponding results 
obtained with complex antigens, such as whole- cell M. 
tuberculosis, M. tuberculosis culture filtrate (MT-CF) 

and cell wall antigens, as well as the vaccine strain, Mycobacterium bovis 
bacillus Calmette-Guerin (BCG) . In addition, M. tuberculosis and 
MT-CF-induced T-cell lines were tested in the same assays against the 
panel of purified and complex antigens. The compiled data from PBMC and 
T-cell lines tested for antigen-induced proliferation and IFN-. gamma, 
secretion showed that the most frequently recognized antigen was ESAT-6, 
followed by MPT59, GroES, MPB70, MPT64 , DnaK, GroEL and PstS. The 
frequency of ESAT-6 responders, as measured both by proliferation (18/19) 
and secretion of IFN-. gamma. (16/19) was comparable to the results obtained 
with whole-cell M. tuberculosis, MT-CF and M . bovis BCG. We also 
observed that most of the high responders to complex antigens recognized 
all of the antigens tested (covariation) , demonstrating that the 
repertoire of human T-cell specificities induced by natural infection is 
directed towards several unrelated culture filtrate as well as somatic- 
derived protein antigens. In conclusion, the results obtained suggest that 
the cellular immune response in humans is directed against several 
important target antigens of M. tuberculosis and that some 
antigens, such as ESAT-6 , are recognized by a high number of individuals. 
Such antigens represent candidates to be used for development of specific 
diagnostic reagents or in subunit vaccines. 
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AB Bioinformatics tools have the potential to accelerate research into the 
design of vaccines and diagnostic tests by exploiting genome sequences. 
The aim of this study was to assess whether in silico analysis could be 
combined with in vitro screening methods to rapidly identify peptides that 
are immunogenic during Mycobacterium bovis infection of cattle. In the 
first instance the M. bovis -derived protein ESAT-6 was used as a model 
antigen to describe peptides containing T-cell 
epitopes that were frequently recognized across mammalian 
species, including natural hosts for tuberculosis (humans and 
cattle) and small-animal models of tuberculosis (mice and guinea 
pigs) . Having demonstrated that some peptides could be recognized by T 
cells from a number of M. bovis -infected hosts, we tested whether a 
virtual -matrix-based human prediction program (ProPred) could identify 
peptides that were recognized by T cells from M. bovis-inf ected cattle. 
In this study, 73% of the experimentally defined peptides from 10 M. bovis 
antigens that were recognized by bovine T cells contained motifs predicted 
by ProPred. Finally, in validating this observation, we showed that three 
of five peptides from the mycobacterial antigen Rv3019c that were 
predicted to contain HLA-DR-restricted epitopes were recognized by T cells 
from M. bovis-inf ected cattle. The results obtained in this study support 
the approach of using bioinformatics to increase the efficiency of epitope 
screening and selection. 
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AB We have used a synthetic -pept ide approach to map epitope regions of the 
Mycobacterium tuberculosis ESAT-6 antigen recognized by human T 
cells in relation to major histocompatibility complex (MHC) restriction. 
ESAT-6-specif ic CD4 + T-cell lines were established by stimulating 
peripheral blood mononuclear cells from 25 HLA- DR - typed 
tuberculosis patients with complete antigen in vitro. The 
established T-cell lines were then screened for proliferation and 
interf eron-gamma (IFN-gamma) secretion in response to eight overlapping 
20-mer peptides covering the ESAT-6 sequence. The response of the T-cell 
lines to ESAT-6 and peptides from a human leucocyte antigen 
(HLA) -heterogeneous group of donors suggested the presence of multiple 
epitopes and promiscuous recognition of the antigen. Analysis of antigen 
and peptide recognition in the presence of anti-HLA class I and class II 
antibodies suggested that the T-cell lines 

recognized ESAT-6 in association with HLA-DR and -DQ molecules. 
Furthermore, testing of selected T-cell lines with ESAT-6 and the peptides 
in the presence of autologous and allogeneic HLA-DR- and -DQ-typed 
antigen-presenting cells identified HLA-DR2, -DR52 and -DQ2 amongst the 
HLA molecules involved in the presentation of ESAT-6 and its peptides to 
human Thl cells. In addition, the T-cell lines were cytotoxic for 
monocytes and macrophages pulsed with ESAT-6 and peptides. In conclusion, 
the recognition of ESAT-6 by IFN-gamma-secret ing and cytotoxic CD4+ T 
cells in association with frequently expressed HLA class II molecules 
supports the application of this antigen to either specific diagnosis or 
subunit vaccine design. 
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AB The human T-cell recognition of the 

low-molecular-mass culture filtrate antigen TB10.4 was evaluated in 



detail. The molecule was strongly recognized by T cells isolated from 
tuberculosis (TB) patients and from BCG-vaccinated donors. The 
epitopes on TB10.4 were mapped with overlapping peptides and found to be 
distributed throughout the molecule. The broadest response was found in 
TB patients, whereas the response in BCG-vaccinated donors was focused 
mainly toward a dominant epitope located in the N terminus (amino acids 1 
to 18) . The gene encoding TB10.4 was found to belong to a subfamily 
within the esat-6 family that consists of the three highly homologous 
proteins TB10.4, TB10.3, and TB12.9 (Rv0288, Rv3019c, and Rv3017c, 
respectively) . Southern blot analysis combined with database searches 
revealed that the three members of the TB10.4 family were present only in 
strains of the Mycobacterium tuberculosis complex, including 
BCG, and M. kansasii, whereas other atypical mycobacteria had either one 
(M. avium, M . intracellular , and M . marinum) or none (M. scrof ulaceum, M. 
fortuitum, and M. szulgai) of the genes. The fine specificity of the 
T-cell response to the three closely related esat-6 family members was 
markedly different, with only a few epitopes shared between the molecules. 
Minimal differences in the amino acid sequence translated into large 
differences in recognition by T cells and secretion of gamma interferon. 
In general, the peptides from TB10.4 stimulated the largest responses, but 
epitopes unique to both TB10.3 and TB12.9 were found. The relevance of 
the findings for TB vaccine development and as a potential mechanism for 
immune evasion is discussed. 
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AB A synthetic-peptide approach was used to map epitope regions of the 
Mycobacterium tuberculosis 6-kDa early secreted antigen target 
(ESAT-6) by testing human CD4( + ) T cell lines for secretion of IFN-gamma 
in response to recombinant ESAT-6 (r ESAT-6) and overlapping 20-mer 
peptides covering the antigen sequence. The results demonstrate that all 
of the ESAT-6 peptides screened were able to induce IFN-gamma secretion 
from one or more of the T cell lines tested. Some of the individual T 
cell lines showed the capacity to respond to all peptides. Human 
leukocyte antigen (HLA-DR) typing of the donors showed that rESAT-6 was 
presented to T cells in association with multiple HLA-DR molecules. The 
results suggest that frequent recognition of the M. tuberculosis 
ESAT-6 antigen by T cells from patients with tuberculosis is due 
to the presence of multiple epitopes scattered throughout the ESAT-6 
sequence . 
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AB ESAT-6 is an important T-cell antigen 

recognized by protective T cells in animal models of infection 
with Mycobacterium tuberculosis- In an enzyme-linked 
immunosorbent assay (ELISA) with overlapping peptides spanning the 
sequence of ESAT-6, monoclonal antibody HYB76-8 reacted with two peptides 
in the N-terminal region of the molecule. Assays with synthetic truncated 
peptides allowed a precise mapping of the epitope to the residues 
EQQWNFAGI EAAA at positions 3 to 15. Hydrophilicity plots revealed one 
hydrophilic area at the N terminus and two additional areas further along 
the polypeptide chain. Antipeptide antibodies were generated by 
immunization with synthetic 8-mer peptides corresponding to these two 
regions coupled to keyhole limpet hemocyanin. Prolonged immunization with 
a 23-mer peptide (positions 40 to 62) resulted in the formation of 
antibodies reacting with the peptide as well as native ESAT-6. A 
double-antibody ELISA was then developed with monoclonal antibody HYB76-8 
as a capture antibody, antigen for testing in the second layer, and 
antipeptide antibody in the third layer. The assay was suitable for 
quantification of ESAT-6 in M. tuberculosis antigen 

preparations, showing no reactivity with M. bovis BCG Tokyo culture fluid, 
used as a negative control, or with MPT64 or antigen 85B, previously shown 
to cross-react with HYB76-8. This capture ELISA permitted the 
identification of ESAT-6 expression from vaccinia virus constructs 
containing the esat-6 gene; this expression could not be identified by 
standard immunoblott ing . 
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AB The plasma membrane of Mycobacterium tuberculosis is likely to contain 

proteins that could serve as novel drug targets, diagnostic probes or even 
components of a vaccine against tuberculosis. With this in mind, we have 
undertaken proteome analysis of the membrane of M. tuberculosis H37Rv. 
Isolated membrane vesicles were extracted with either a detergent (Triton 
X114) or an alkaline buffer (carbonate) following two of the protocols 
recommended for membrane protein enrichment. Proteins were resolved by 
2D-GE using immobilized pH gradient (IPG) strips, and identified by 
peptide mass mapping utilizing the M. tuberculosis 

genome database. The two extraction procedures yielded patterns with 
minimal overlap. Only two proteins, both HSPs, showed a common presence. 
MALDI-MS analysis of 61 spots led to the identification of 32 proteins, 17 
of which were new to the M. tuberculosis proteome database. We classified 
19 of the identified proteins as "membrane-associated 1 ; 14 of these were 
further classified as ' membrane -bound ' , three of which were lipoproteins. 
The remaining proteins included four heat -shock proteins and several 
enzymes involved in energy or lipid metabolism. Extraction with Triton 
XI 14 was found to be more effective than carbonate for detecting 
'putative' M. tuberculosis membrane proteins. The protocol was also found 
to be suitable for comparing BCG and M. tuberculosis membranes, 
identifying ESAT-6 as being expressed selectively in 

M. tuberculosis. While this study demonstrates for the first time some of 
the membrane proteins of M. tuberculosis, it also underscores the problems 
associated with proteomic analysis of a complex membrane such as that of a 
mycobacterium . 

L27 ANSWER 2 OF 3 BIOSIS COPYRIGHT 2003 BIOLOGICAL ABSTRACTS INC . DUPLICATE 2 
AN 1998:120633 BIOSIS 
DN PREV19980012 0633 
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AB ESAT-6 is an important T-cell antigen recognized by 

protective T cells in animal models of infection with Mycobacterium 
tuberculosis. In an enzyme-linked immunosorbent assay (ELISA) with 
overlapping peptides spanning the sequence of ESAT-6, 

monoclonal antibody HYB76-8 reacted with two peptides in the N-terminal 
region of the molecule. Assays with synthetic truncated peptides 
allowed a precise mapping of the epitope to the residues 
EQQWNFAGI EAAA at positions 3 to 15 . Hydrophil icity plots revealed one 
hydrophilic area at the N terminus and two additional areas further along 
the polypeptide chain. Antipeptide antibodies were generated by 
immunization with synthetic 8-mer peptides corresponding to these two 
regions coupled to keyhole limpet hemocyanin. Prolonged immunization with 
a 23-mer peptide (positions 40 to 62) resulted in the formation of 
antibodies reacting with the peptide as well as native ESAT- 
6. A double-antibody ELISA was then developed with monoclonal 
antibody HYB76-8 as a capture antibody, antigen for testing in the second 
layer, and antipeptide antibody in the third layer. The assay was suitable 
for quantification of ESAT-6 in M. tuberculosis 

antigen preparations, showing no reactivity with M. bovis BCG Tokyo 



culture fluid, used as a negative control, or with MPT64 or antigen 85B, 

previously shown to cross-react with HYB76-8. This capture ELISA permitted 

the identification of ESAT-6 expression from vaccinia 

virus constructs containing the esat-6 gene; this 

expression could not be identified by standard immunoblotting. 
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AB The recall of long-lived immunity in a mouse model of tuberculosis (TB) is 
defined as an accelerated accumulation of reactive T cells in the target 
organs. We have recently identified Ag 85B and a 6-kilodalton early 
secretory antigenic target, designated ESAT-6 , as key 
antigenic targets recognized by these cells. In the present study, 
preferential recognition of the ESAT-6 Ag during the 
recall of immunity was found to be shared by five of six genetically 
different strains of mice. Overlapping peptides spanning the sequence of 
ESAT-6 were used to map two T cell epitopes on this 

molecule. One epitope recognized in the context of H-2b,d was located in 
the N-terminal part of the molecule, whereas an epitope recognized in the 
context of H-2a,k covered amino acids 51 to 60. Shorter versions of the 
N-terminal epitope allowed the precise definition of a 13 -amino acid core 
sequence recognized in the context of H-2b. The peptide covering the 
N-terminal epitope was immunogenic, and a T cell response with the same 
fine specificity as that induced during TB infection was generated by 
immunization with the peptide in I FA . In the C57BL/6j strain, this single 
epitope was recognized by an exceedingly high frequency of splenic T cells 
(approximately 1:1000), representing 25 to 35% of the total culture 
filtrate-reactive T cells recruited to the site of infection during the 
first phase of the recall response. These findings emphasize the 
relevance of this Ag in the immune response to TB and suggest that 
immunologic recognition in the first phase of infection is a highly 
restricted event dominated by a limited number of T cell clones. 
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AB MPB70 is a secreted protein of Mycobacterium bovis and Mycobacterium 
tuberculosis which stimulates both cellular and humoral immune 
responses during infection with bovine and human tubercle bacilli. In 
addition, vaccination with MPB70 has been shown to induce Thl cell 
responses and protection in animal models of tuberculosis. The 
present study was carried out to map the dominant human Thl cell epitopes 
of MPB70 in relation to major histocompatibility complex (MHC) class II 
restriction in healthy subjects showing strong T-cell responses to complex 
mycobacterial antigens. Peripheral blood mononuclear cells (PBMC) from 
HLA-DR- typed donors were tested with complex mycobacterial antigens 
(whole-cell M. tuberculosis and M. tuberculosis 

culture filtrates) , with MPB70 purified from the culture filtrate of M. 
bovis BCG Tokyo, and with 13 synthetic peptides (25-mers overlapping by 10 
residues) covering the sequence of MPB70. The donors that responded to the 
complex antigens and MPB70 also responded to the cocktail of synthetic 
MPB70 peptides. Testing of PBMC with individual peptides showed that 
peptides p5 (amino acids [aa] 61 to 85) , p6 (aa 76 to 100) , p8 (aa 106 to 
130), pl2 (aa 166 to 190), and pl3 (aa 181 to 193) were most frequently 
recognized in proliferation and gamma interferon (IFN- .gamma . ) assays. 
Testing of antigen-specific CD4 (+) T-cell lines with the individual 
peptides of MPB70 confirmed that peptides p8, pl2, and pl3 contain 
immunodominant Thl cell epitopes of MPB70. MHC restriction analysis with 
HLA-typed donors showed that MPB70 and its immunodominant peptides were 
presented to T cells promiscuously. The T-cell lines responding to MPB70 
and peptides p8, pl2, and pl3 in IFN- .gamma . assays mediated 
antigen-peptide-specif ic cytotoxic activity against monocytes /macrophages 
pulsed with the whole-protein antigen or the peptides. In conclusion, the 
promiscuous recognition of MPB70 and its immunodominant peptide defined 
epitopes (aa 106 to 130 and 166 to 193) by IFN- . gamma . -producing Thl cells 
supports possible application of this secreted antigen to subunit vaccine 
design . 
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AB The plasma membrane of Mycobacterium tuberculosis is likely to 

contain proteins that could serve as novel drug targets, diagnostic probes 
or even components of a vaccine against tuberculosis. With this 
in mind, we have undertaken proteome analysis of the membrane of M. 
tuberculosis H37Rv. Isolated membrane vesicles were extracted with 
either a detergent (Triton X114) or an alkaline buffer (carbonate) 
following two of the protocols recommended for membrane protein 
enrichment. Proteins were resolved by 2D-GE using immobilized pH gradient 
(IPG) strips, and identified by peptide mass mapping 
utilizing the M. tuberculosis genome database. The two 
extraction procedures yielded patterns with minimal overlap. Only two 
proteins, both HSPs, showed a common presence. MALDI-MS analysis of 61 
spots led to the identification of 32 proteins, 17 of which were new to 
the M. tuberculosis proteome database. We classified 19 of the 
identified proteins as 'membrane-associated' ; 14 of these were further 
classified as ' membrane -bound ' , three of which were lipoproteins. The 
remaining proteins included four heat -shock proteins and several enzymes 
involved in energy or lipid metabolism. Extraction with Triton X114 was 
found to be more effective than carbonate for detecting 'putative* M. 
tuberculosis membrane proteins. The protocol was also found to be 
suitable for comparing BCG and M . tuberculosis membranes, 
identifying ESAT-6 as being expressed selectively in M. 
tuberculosis. While this study demonstrates for the first time 
some of the membrane proteins of M. tuberculosis, it also 
underscores the problems associated with proteomic analysis of a complex 
membrane such as that of a mycobacterium. 
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AB Compns. and methods for the therapy and diagnosis of cancer, particularly 
prostate cancer, are disclosed. Illustrative compns. comprise one or more 
prostate-specific polypeptides, immunogenic portions thereof, and 
polynucleotides that encode such polypeptides as identified by PCR-based 
cDNA library subtraction. Chromosomal mapping, tissue expression 
profiling, and prepn. of fusion proteins (esp. with the Ral2 portion of 
the Mycobacterium tuberculosis serine protease MTB32A) are 
carried out. Epitope mapping is carried out on some of the polypeptides 
(e.g., P501S) to identify immunogenic peptides. Antigen-presenting cells 
that expresses such polypeptides, and T cells that are specific for cells 
expressing such polypeptides are also provided. The disclosed compns. are 
useful, for example, in the diagnosis, prevention and/or treatment of 
diseases, particularly prostate cancer. 
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AB Cytochrome P450 14alpha-sterol demethylases (CYP51) are essential enzymes 
in sterol biosynthesis in eukaryotes . CYP51 removes the 14alpha -methyl 
group from sterol precursors such as lanosterol, obtusif oliol , 
dihydrolanosterol , and 24 (28) -methylene-24 , 25-dihydrolanosterol . 
Inhibitors of CYP51 include triazole antifungal agents fluconazole and 
itraconazole, drugs used in treatment of topical and systemic mycoses. 
The 2.1- and 2.2-A crystal structures reported here for 4 -phenylimidazole- 
and f luconazole-bound CYP51 from Mycobacterium tuberculosis 
(MTCYP51) are the first structures of an authentic P450 drug target. 
MTCYP51 exhibits the P450 fold with the exception of two striking 
dif f erences-a bent I helix and an open conformation of BC loop-that define 
an active site-access channel running along the heme plane perpendicular 



to the direction observed for the substrate entry in P450BM3. Although a 
channel analogous to that in P450BM3 is evident also in MTCYP51, it is not 
open at the surface. The presence of two different channels, with one 
being open to the surface, suggests the possibility of conf ormationally 
regulated substrate- in/product -out openings in CYP51. Mapping mutations 
identified in Candida albicans azole-resistant isolates indicates that 
azole resistance in fungi develops in protein regions involved in 
orchestrating passage of CYP51 through different conformational stages 
along the catalytic cycle rather than in residues directly contacting 
fluconazole. These new structures provide a basis for rational design of 
new, more efficacious antifungal agents as well as insight into the 
molecular mechanism of P450 catalysis. 
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TI Identification of acidic, low molecular mass proteins of Mycobacterium 
tuberculosis strain H37Rv by matrix-assisted laser 

desorption/ionization and electrospray ionization mass spectrometry. 
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AB Matrix-assisted laser desorption/ionizat ion-mass spectrometry 
peptide mass mapping and nano-electrospray ionization 

tandem mass spectrometry were used to identify acidic, low molecular mass 
proteins of Mycobacterium tuberculosis strain H37Rv. Proteins 
were extracted from whole cell lysates of mycobacteria, separated by high 
resolution two-dimensional electrophoresis (2-DE) and analysed by mass 
spectrometry (MS) . Silver-stained 2-DE patterns resolved about 18 00 
distinct protein species, 190 of which had an observed isoelectric point 
and molecular mass in the range of pH 4 to 6 and 6 to 15 kDa, 
respectively. Seventy-six spots from this range were excised from 
Coomassie Brilliant Blue G250-stained gels and analysed by MS, from which 
72 were identified. These spots were shown to represent products of as 
many as 50 different protein-coding genes. Ten genes gave rise to more 
than one protein species. Eleven spots contained more than one protein. 
The present study led to the identification of 15 mycobacterial proteins 
with assigned putative functions, 28 conserved hypothetical proteins and 
one unknown protein. Most proteins of the latter two groups had previously 
been predicted at the DNA level only. Six additional spots were shown to 
comprise proteins encoded by open reading frames that have not been 
predicted for M. tuberculosis H37Rv by genomic investigations. 
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AB CD8(+) T cells are thought to play an important role in protective 
immunity to tuberculosis. Although several nonprotein ligands 
have been identified for CDl-restricted CD8(+) CTLs, epitopes for 
classical MHC class I-restricted CD8(+) T cells, which most likely 
represent a majority among CD8(+) T cells, have remained ill defined. 
HLA-A*0201 is one of the most prevalent class I alleles, with a frequency 
of over 30% in most populations. HLA-A2/K (b) transgenic mice were shown 
to provide a powerful model for studying induction of HLA-A*0201- 
restricted immune responses in vivo. The Ag85 complex, a major component 
of secreted Mycobacterium tuberculosis proteins, induces strong 
CD4(+) T cell responses in M. tuberculosis-infected individuals, 
and protection against tuberculosis in Ag8 5 -DNA- immunized 
animals. In this study, we demonstrate the presence of HLA class 
I-restricted, CD8{+) T cells against Ag85B of M . tuberculosis in 
HLA-A2/K (b) transgenic mice and HLA-A*0201 ( + ) humans. Moreover, two 
immunodominant Ag85 peptide epitopes for HLA-A*0201-restricted, M. 
tuberculosis-reactive CD8(+) CTLs were identified. These CD8(+) T 
cells produced IFN-gamma and TNF -alpha and recognized Ag -pulsed or 
bacillus Calmette-Guerin- infected, HLA-A*0201-positive, but not 
HLA-A* 02 01 -negative or uninfected human macrophages. This CTL-mediated 
killing was blocked by anti-CD8 or anti-HLA class I mAb. Using 
fluorescent peptide/HLA-A*0201 tetramers, Ag85-specif ic CD8(+) T cells 
could be visualized in bacillus Calmette-Guerin-responsive, HLA-A*0201 (+) 
individuals. Collectively, our results demonstrate the presence of HLA 
class I-restricted CD8{+) CTL against a major Ag of M. 
tuberculosis and identify Ag85B epitopes that are strongly 
recognized by HLA-A*0201-restricted CD8(+) T cells in humans and mice. 
These epitopes thus represent potential subunit components for the design 
of vaccines against tuberculosis. 
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AB Mycobacterium tuberculosis is the infectious agent giving rise 

to human tuberculosis. The entire genome of M. 

tuberculosis, comprising approximately 4000 open reading frames, 
has been sequenced. The huge amount of information released from this 
project has facilitated proteome analysis of M. tuberculosis. 
Two-dimensional polyacrylamide gel electrophoresis (2-D PAGE) was applied 
to fractions derived from M . tuberculosis culture filtrate, cell 



wall, and cytosol, resulting in the resolution of 376, 413, and 395 spots, 
respectively, in silver-stained gels. By microsequencing and 
immunodetection, 38 culture filtrate proteins were identified and mapped, 
of which 12 were identified for the first time. In the same manner, 23 
cell wall proteins and 19 cytosol proteins were identified and mapped, 
with 9 and 10, respectively, being novel proteins. One of the novel 
proteins was not predicted in the genome project, and for four of the 
identified proteins alternative start codons were suggested. Fourteen of 
the culture filtrate proteins were proposed to possess signal sequences. 
Seven of these proteins were microsequenced and the N-terminal sequences 
obtained confirmed the prediction. The data presented here are an 
important complement to the genetic information, and the established 2-D 
PAGE maps (also available at: www.ssi.dk/publichealth/tbimmun) provide a 
basis for comparative studies of protein expression. 
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AB Peptide mapping by limited proteolysis of a highly 

protective 71-kDa cell wall -associated protein of Mycobacterium 
tuberculosis H37Ra was carried out in order to identify key 
protective determinants within the native protein. The 71-kDa protein, 
which had an isoelectric point of 4.25, was digested into eight major 
bands at 48 h using trypsin and pepsin at equal enzyme to protein ratios 
(pH 5.5). The in vitro lymphocyte reactivity of individual peptides 
suggested PI, P2 and P5 to be significantly immunoreactive in mice 
immunized with native 71-kDa-polylactide-coglyeolide (PLG) ; however, the 
reactivity was significantly lower than that of the native 71-kDa protein. 
Immunization of mice with a pooled fraction (upper fraction-71 kDa) of 
more immunoreactive peptides (consisting of PI and P2) did not further 
boost their immunoreactivity. However, PI and P2 exhibited comparable or 
even higher lymphocyte proliferation in human tuberculous and control 
subjects. These data suggest distinct antigenic specificities in humans 
and mice and further substantiate the use of the 71-kDa protein or its 
peptides PI and P2 as potential vaccine candidates for 
tuberculosis . 
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AB We have previously demonstrated that the Mycobacterium leprae 18 -kD heat 
shock protein (HSP18) is represented among the antigenic targets of human 
T cell responses induced by M. leprae immunization and that the peptide 
38-50 serves as an immunodominant epitope recognized by CD4+ T cell clones 
By using peripheral blood mononuclear cells and T cell lines from the same 
donor group, we have in this study shown that the M. leprae HSP18 and 
peptide 38-50 were recognized by memory T cells 8 years after immunization 
with M. leprae. The finding that M. boris BCG-induced T cell lines 
responded to M. leprae HSP18, but not to the peptide 38-50, suggested the 
existence of additional T cell epitopes of a cross-reactive nature. 
Consistent with this, testing of the T cell lines for proliferative 
responses to the complete HSP18 molecule, truncated HSP18 (amino acid (aa) 
residues 38-148) and overlapping synthetic peptides, made it possible to 
identify two cross -reactive epitope regions defined by aa residues 1-38 
and 41-55. While peptide 38-50-reactive T cell clones showed limited 
cross-reactivity by responding to M. leprae, M. avium and M. scrofulaceum, 
the T cell lines specific to the epitopes 1-38 and 41-55 were broadly 
cross-reactive, as demonstrated by their response to M. leprae, M. 
tuberculosis complex, M. avium and other mycobacteria. MHC 
restriction analysis of the HSP18 -responding T cell lines showed that the 
epitopes 1-38 and 38-50 were presented by one of the two HLA-DR molecules 
expressed from self HLA-DRB1 genes, whereas the epitope 41-55 was 
recognized in the presence of autologous as well as HLA-DR and HLA-DQ 
mismatched allogeneic antigen- presenting cells. The results obtained in 
this study made it possible to identify cross-reactive T cell epitopes of 
the M. leprae HSP18, and provide an explanation for T cell recognition of 
this antigen in individuals infected with species of the M. 
tuberculosis complex or environmental mycobacteria. 
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TI The dominance of arginine-containing peptides in MALDI -derived tryptic 

mass fingerprints of proteins. 
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AB Matrix-assisted laser desorption/ionization mass spectrometry (MALDI -MS) 
is a powerful tool for mass finger-printing of peptide mixtures obtained 
after enzymatic ingel digestion of proteins separated by two-dimensional 
electrophoresis (2-DE) . In the course of a proteome analysis of 
mycobacteria using mass spectrometric identification, it was found that 
94% of the most intense MALDI -MS peaks denote peptides bearing arginine at 
the C-terminal end. The effect was demonstrated to be equally prominent 
using an equimolar mixture of the synthetic peptides known to be present 
in the tryptic digest of the mycobacterial 35 kDa antigen ("synthetic mass 
map"). In addition, several binary mixtures of synthetic peptides 
differing exclusively at the C terminus (Arg or Lys) were examined to 
rationalize the higher sensitivity toward arginine-containing peptides. 
The extent of the effect described depends on the matrix used and may 
facilitate a more reliable assignment of mass fingerprint data to protein 
sequences in databases. 
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AB The three most abundant extracellular proteins of Mycobacterium 
tuberculosis, the 30-, 32-, and 16-kDa major extracellular 
proteins, are particularly promising vaccine candidates. We have mapped 
T-cell epitopes of these three proteins in outbred guinea pigs by 
immunizing the animals with each protein and assaying splenic lymphocyte 
proliferation against a series of overlapping synthetic peptides covering 
the entire length of the mature proteins. The 30-kDa protein contained 
nine immunodominant epitopes, the 32- kDa protein contained two 
immunodominant epitopes, and the 16-kDa protein contained a highly 
immunodominant region at its N terminus. The immunodominant epitopes of 
the 30- and 32-kDa proteins in outbred guinea pigs were frequently 
identified in healthy purif ied-protein-derivat ive-posit ive or 
BCG-vaccinated individuals in previous studies. The immunodominant 
epitopes of these major extracellular proteins have potential utility in 
an epitope- based vaccine against tuberculosis. 
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AB Tuberculosis remains a major health problem throughout the world 

and the failure of the existing bacille Calmette-Guerin (BCG) vaccine in 
recent trials has prompted a search for potential replacements. Recent 
advances in molecular and cell biology have cast doubts on the ability of 
genetic analysis alone to predict polygenic human diseases and other 
complex phenotypes and have therefore redirected our attention to proteome 
studies to complement information obtained from DNA sequencing 
initiatives. Novel acidic (pH 2.3-5) and basic (pH 6-11) IPG gel 
gradients were employed in conjunction with commercially available pH 4-7 



gradients to significantly increase (fourfold) the number of protein spots 
previously resolved on two-dimensional (2-D) gels of Mycobacterium 
species. A total of 772 and 638 protein spots were observed for M. bovis 
BCG and M. tuberculosis H37Rv, respectively, the latter 
corresponding to only the pH regions 4-7 and 6-11. Of interest was the 
bimodal distribution observed for proteins separated from M. bovis BCG 
across both M(r) and pH ranges. Some differences in protein expression 
were observed between these two organisms, contrary to what may have been 
expected considering the high degree of conservation in gene order and 
sequence similarity between homologous genes. Further work will be 
directed towards a more detailed analysis of these differences, so as to 
allow more accurate diagnosis between vaccination and active 
tuberculosis. The latter is of major importance to 
epidemiological studies and for patient management. 
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AB Pott's disease (spinal tuberculosis), a condition characterized 

by massive resorption of the spinal vertebrae, is one of the most striking 
pathologies resulting from local infection with Mycobacterium 
tuberculosis (Mt; Boachie-Adj ei , 0., and R.G. Squillante. 1996. 
Orthop. Clin. North Am. 27:95-103). The pathogenesis of Pott's disease 
is not established. Here we report for the first time that a protein, 
identified by a monoclonal antibody to be the Mt heat shock protein 
(Baird, P.N., L.M. Hall, and A.R.M. Coates. 1989. J. Gen. Microbiol. 
135:931-939) chaperonin (cpn) 10, is responsible for the osteolytic 
activity of this bacterium. Recombinant Mt cpnlO is a potent stimulator 
of bone resorption in bone explant cultures and induces osteoclast 
recruitment, while inhibiting the proliferation of an osteoblast 
bone -forming cell line. Furthermore, we have found that synthetic 
peptides corresponding to sequences within the flexible loop and sequence 
65-70 of Mt cpnlO may comprise a single conformational unit which 
encompasses its potent bone-resorbing activity. Our findings suggest that 
Mt cpnlO may be a valuable pharmacological target for the clinical therapy 
of vertebral tuberculosis and possibly other bone diseases. 
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AB The recall of long-lived immunity in a mouse model of tuberculosis 

(TB) is defined as an accelerated accumulation of reactive T cells in the 
target organs. We have recently identified Ag 85B and a 6-kilodalton 
early secretory antigenic target, designated ESAT-6, as key antigenic 
targets recognized by these cells. In the present study, preferential 
recognition of the ESAT-6 Ag during the recall of immunity was found to be 
shared by five of six genetically different strains of mice. Overlapping 
peptides spanning the sequence of ESAT-6 were used to map two T cell 
epitopes on this molecule. One epitope recognized in the context of 
H-2b,d was located in the N-terminal part of the molecule, whereas an 
epitope recognized in the context of H-2a # k covered amino acids 51 to 60. 
Shorter versions of the N-terminal epitope allowed the precise definition 
of a 13 -amino acid core sequence recognized in the context of H-2b. The 
peptide covering the N-terminal epitope was immunogenic, and a T cell 
response with the same fine specificity as that induced during TB 
infection was generated by immunization with the peptide in IFA. In the 
C57BL/6j strain, this single epitope was recognized by an exceedingly high 
frequency of splenic T cells (approximately 1:1000), representing 25 to 
35% of the total culture filtrate-reactive T cells recruited to the site 
of infection during the first phase of the recall response. These 
findings emphasize the relevance of this Ag in the immune response to TB 
and suggest that immunologic recognition in the first phase of infection 
is a highly restricted event dominated by a limited number of T cell 
clones . 
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AB The occurrence of glycosylated proteins in Mycobacterium 

tuberculosis has been widely reported. However, unequivocal proof 
for the presence of true glycosylated amino acids within these proteins 
has not been demonstrated, and such evidence is essential because of the 
predominance of soluble lipoglycans and glycolipids in all mycobacterial 
extracts. We have confirmed the presence of several putative 
glycoproteins in subcellular fractions of M. tuberculosis by 
reaction with the lectin concanavalin A. One such product, with a 
molecular mass of 45 kDa, was purified from the culture filtrate. 
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AB Mycobacterium bovis infection in cattle continues to be a problem in 

several regions, partly due to inadequate diagnostic tests. The aim of 
this study was to use an experimental model of the natural disease to 
identify T-cell epitopes from the mycobacterial 38 kDa antigen as 
potentially specific diagnostic reagents. A panel of overlapping synthetic 
peptides (16-mers with a five-residue overlap) were produced from the 
published amino acid sequence. It was found that peripheral blood 
lymphocytes from at least three of four experimentally infected animals, 
which were considered to be in either T-hl- or T-hl/T-h2 -dominated stages 
of anti-mycobacterial immunity, proliferated in response to five epitopes 
(residues 1-27, 88-107, 122-138, 243-260 and 307-328) . However, in vitro 
production of IFN-gamma was detected only in response to epitope 122-138, 
indicating a role in protective immunity. The peptides were not recognized 
by control, uninfected animals, but all epitopes showed various degrees of 
recognition by animals which were field reactors to intradermal tuberculin 
testing. Furthermore, epitopes 1-27, 88+- 107 and 122-138 were recognized 
by four breeds of cattle and by animals from separate herds, suggesting 
genetic permissiveness in recognition which would be essential in the 
development of a diagnostic test. 
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AB TH1 cytokine secretion was examined in response to synthetic peptides of 
the 85A component of the major secreted, f ibronectin-binding antigen 85 
complex from Mycobacterium tuberculosis in seven different mouse 
strains infected with live M. bovis BCG. Twenty-eight overlapping 20-mer 
peptides covering the complete mature 295-amino-acid (AA) protein were 
synthesized. Significant interleukin-2 (IL-2) and gamma interferon 
(IFN-gamma) secretion could be measured following in vitro stimulation of 
spleen cells with these peptides. H-2d haplotype mice reacted 
preferentially against the amino-terminal half of the protein, i.e., 
against peptide 5 (AA 41 to 60) and especially against peptide 11 (AA 101 
to 120), which contained an I-Ed binding motif. H-2b haplotype mice, on 
the other hand, reacted against peptides from both amino- and 
carboxy-terminal halves of the protein, peptide 25 (AA 241 to 260) being 
the most potent stimulator of IL-2 and IFN-gamma production. (BALB/c x 
C57BL/6)F1 animals with the H-2d/b haplotype weakly recognized peptides 
specific for both parental lines. Finally, CBA/J (H-2k) and major 
histocompatibility complex class II mutant B6.C.bml2 mice, carrying a 
mutant I-A beta bml2 allele on an H-2b background, reacted only very 
weakly to the 85A peptides. Reactive T cells isolated from lungs of 



BCG- infected H-2b haplotype mice recognized the same epitopes as spleen 
cells, especially peptide 25. These data confirm previous findings 
regarding the powerful IL-2 and IFN-gamma-inducing properties of antigen 
85 during infection with live M. bovis BCG. 
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AB Sixty-three overlapping 15-oligomer peptides covering the 30-kDa protein 
antigen 85B of Mycobacterium leprae were tested by ELISA to identify 
epitopes recognized by human antibodies. Serum samples from patients with 
lepromatous leprosy (LL) reacted mainly with peptides comprising amino 
acid regions (AA) 206-230, 251-280, and 291-325. Sera of patients with 
active tuberculosis who responded to the native 3 0-kDa antigen 
did not recognize these peptides. The antibody-binding specificity to the 
defined B cell regions was evaluated in a blind study with 71 serum 
samples from patients and household contacts living in Ethiopia where 
leprosy is endemic. The peptide of AA 256-280 was recognized by 88% of LL 
patients, 15% of patients with tuberculoid leprosy, and none of the 
contacts. These findings suggest that there are major linear B cell 
epitopes on the M. leprae 3 0-kDa protein that are recognized by 
lepromin-negative LL patients, whereas lepromin-positive patients respond 
preferentially to conformational epitopes. 
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AB The glucokinase (EC 2.7.1.63) from Mycobacterium tuberculosis 

catalyzes the phosphorylation of glucose using inorganic polyphosphate 
(poly(P)) or ATP as the phosphoryl donor. The nature of the poly(P) and 
ATP sites was investigated by using N-bromosuccinimide (NBS) as a probe 
for the involvement of tryptophan in substrate binding and/or catalysis. 
NBS oxidation of the tryptophan (s) resulted in fluorescence quenching with 
concomitant loss of both the poly(P)- and ATP-dependent glucokinase 
activities. The inactivation by NBS was not due to extensive structural 



changes, as evidenced by similar circular dichroism spectra and 
fluorescence emission maxima for the native and NBS-inactivated enzyme. 
Both phosphoryl donor substrates in the presence of xylose afforded apprx 
65% protection against inactivation by NBS . The K-m values of poly(P) and 
ATP were not altered due to the modification by NBS , while the catalytic 
efficiency of the enzyme was decreased, suggesting that the essential 
tryptophan (s) are involved in the catalysis of the substrates. Acrylamide 
quenching studies indicated that the tryptophan residue (s) were partially 
shielded by the substrates against quenching. The Stern-Volmer quenching 
constant (K-SV) of the tryptophans in unliganded glucokinase was 3.55 M-l, 
while K-SV values of 2.48 and 2.57 M-l were obtained in the presence of 
xylose+poly (P) -5 and xylose+ATP, respectively. When the 
tryptophan-containing peptides were analyzed by peptide 
mapping, the same peptide was found to be protected by 
xylose+poly (P) -5 and xylose+ATP against oxidation by NBS . The two 
protected peptides were determined to be identical by N-terminal sequence 
analysis and amino acid composition. It is proposed from these results 
that one or both of the tryptophans present in the protected peptide may 
be located at a common catalytic center and that this peptide may 
constitute part of the poly(P) and ATP binding regions. 
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AB The crystal structure of Escherichia coli ribonuclease HI has a cavity 

near Val-74 within the protein core. In order to fill the cavity space, we 
constructed two mutant proteins, V74L and V74I, in which Val-74 was 
replaced with either Leu or lie, respectively. The mutant proteins are 
stabilized, as revealed by a 2.1-3.7 degree C increase in the T-m values, 
as compared to the wild-type protein at pH values of 3.0 and 5.5. The 
mutant protein V74A, in which Val-74 is replaced with Ala, was also 
constructed to analyze the reverse effect. The stability of V74A decreases 
by 7.6 degree C at pH 3 . 0 and 12.7 degree C at pH 5 . 5 in T-m as compared 
to those values for the wild-type protein. None of the three mutations 
significantly affect the enzymatic activity. The crystal structures of 
V74L and V741, determined at 1.8- ANG resolution, are almost identical to 
that of the wild-type protein, except for the mutation site. In the two 
mutant proteins, calculation by the Voronoi procedure shows that the 
cavity volumes around the individual mutation sites are remarkably reduced 
as compared to that in the wild-type protein. These results indicate that 
the introduction of a methylene group into the cavity, without causing 
steric clash, contributes to an increase in the hydrophobic interaction 
within the protein core and thereby enhances protein stability. We also 
discuss the role of the Leu side chain, which can assume many different 
local conformations on a helix without sacrificing thermostability. 
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AB In a number of pathogens, heat shock proteins (hsp) stimulate humoral and 
cellular immune responses despite significant sequence identity with host 
hsp. The 70-kD hsp of Mycobacterium leprae, which shares 47% identity with 
human hsp70 at the protein level, elicited a T cell response in most Myco. 
bovis (bacille Calmette-Guerin (BCG) ) vaccinees as well as leprosy and 
tuberculosis patients and their contacts. In order to locate T 
cell epitopes, DNA fragments encoding portions of the 70-kD hsp were 
expressed in the vector pGEX-2T and tested for T cell reactivity in an in 
vitro proliferative assay. Cultures of peripheral blood mononuclear cells 
(PBMC) from BCG vaccinees indicated that the C- terminal half of the 
molecule contained multiple T cell epitopes, as the T cells from a 
majority of Myco. leprae hsp70-react ive individuals responded to C-344. 
Lower proportions of patients with paucibacillary leprosy (36%) and 
tuberculosis patients (16%) responded to C-344. The smaller C-142 
fragment which includes the terminal 70 residues unique to Myco. leprae 
and is the target for the human antibody response elicited a cellular 
response in few patients and no vaccinees. In order to map T cell 
epitopes, two series of synthetic peptides encompassing the region 278-502 
were prepared. Using overlapping 12mer and 20mer peptides, this region of 
the molecule was found to contain several potential T cell epitopes. The 
longer peptides gave a clearer indication of reactive sequences including 
regions of the molecule which were not identified with the 12mer peptides. 
Fine mapping of reactive peptide pools using the 12mer 
peptides identified two T cell epitopes. Although both were located in 
regions of the molecule shared with Myco. tuberculosis, one 
appeared to be crossreactive with the equivalent human sequence, and thus 
has the potential to initiate autoimmune responses. 
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AB In vivo and in vitro T cell responses to overlapping 20-mer peptides that 
span the entire 19-kDa protein of Mycobacterium tuberculosis 
have been compared in three different strains of mice. Immunization of the 
mice with peptides and analysis of specific antibody production is an in 
vivo assay of Th cell activity. Peptides 1-20 and 61-80 elicited strong 
IgGl responses in BALB/cJ, C57BL/10J, and B10. BR mice, indicating that 
these peptides could stimulate Th cells, possibly of a Th2 phenotype. T 
cells isolated from peptide- immunized mice were challenged in vitro with 
peptide, and their proliferative responses were analyzed. T cells from 
these three strains of mice immunized with peptides 1-20, 61-80, and 76-95 
also responded to challenge with specific peptide in vitro. In addition, 



B10.BR mice and BALB/cJ mice showed antibody and T cell proliferative 
responses to peptides 136-155 and 145-159, respectively. Thus, in vitro 
proliferating T cells were found to possess specificities for peptide 
epitopes that were almost identical to those of the antibody-producing 
cells. Delayed-type hypersensitivity (DTH) responses to these peptides 
were also examined in the three strains. Interestingly, the T cells 
responding in the DTH assay had Ag specificities that were quite different 
from those identified in the antibody and proliferation assays. These 
results suggested that DTH Th cells form a separate population from 
antibody Th and proliferative T cells and these populations of cells were 
differentially activated, in an Ag-specific manner. 
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TI Characterization of B cell epitopes on the 16K antigen of Mycobacterium 

tuberculosis ■ 
AU Verbon A; Hartskeerl R A; Moreno C; Kolk A H 

CS N. H. Swellengrebel Laboratory of Tropical Hygiene, Royal Tropical 

Institute, Amsterdam, The Netherlands. 
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AB To characterize the antigenic parts of the 16K protein of Mycobacterium 
tuberculosis, overlapping peptides according to the amino acid 
sequence of the 16K protein were synthesized. In total, 14 peptides of 20 
amino acids in length with an overlap of 10 amino acids and two additional 
decapeptides (amino acids 31-40 and 61-70) were tested with eight anti-16K 
MoAbs and human sera. The common recognition site of MoAbs F67-8 and 
F67-16 was LRPTFDTRLM (amino acids 31-40) and of MoAbs F159-1 and F159-11 
DPDKDVDIMV (amino acids 61-70) . However, for binding of the MoAbs to 
these peptides additional amino acids were required at either the N- or 
C-terminus, suggesting that some kind of conformation is required. The 
recognition sites of the MoAbs F23-41, F23-49, F24-2 and TB68 could not be 
identified using the peptides, indicating that the MoAbs only bound to 
conformational epitopes and not to peptides which may contain parts of 
these epitopes. The MoAbs bound to beta-galactosidase fusion proteins 
comprising parts of the 16K protein, indicating that some kind of native 
conformation is present on the recombinant proteins. Sera from 14 of 19 
patients with tuberculosis and none from 19 controls reacted 
with the purified 16K protein. Sera from four of these 14 patients 
reacted with two overlapping peptides (amino acids 71-100) . Apparently, 
antibodies in patients' sera against the 16K protein are predominantly 
directed against conformational epitopes. 

ANSWER 25 OF 30 BIOTECHDS COPYRIGHT 2003 THOMSON DERWENT AND ISI 
1990-06219 BIOTECHDS 

Epitope mapping of the Mycobacterium bovis secretory protein MPB70 using 
overlapping peptide analysis; 

potential application in cattle tuberculosis diagnosis; DNA 
sequence 

Radford A J; Wood P D; Billman- Jacobe H; Geysen H M; Mason T J; Tribbick 
G 

Commonwealth Scientific and Industrial Research Organization, Division of 
Animal Health, Private Bag no.l, PO, Parkville, Victoria 3052, Australia. 
J. Gen. Microbiol . ; (1990) 136, Pt . 2 , 265-72 



L3 0 

AN 

TI 

AU 
LO 
SO 



CODEN: JGMIAN 
DT Journal 
LA English 

AB Mycobacterium bovis An5 DNA was partially digested with Sau3A and 
size-selected on agarose for fragments greater than 10 kb. These 
fragments were used to construct a gene bank in phage lambda EMBL3 which 
was then used to establish a restriction map of the secretory protein 
MPB70 region of the M . bovis chromosome. After subcloning, the complete 
DNA sequence and predicted protein sequence were determined and, from 
this information, a series of overlapping octapetides encoding all 
possible linear epitopes of 8 or less amino acids was synthesized. These 
peptides were probed with monoclonal antibodies specific for M. bovis and 
with sera from M. bovis -infected cattle. Epitopes were analyzed for the 
significance of each amino acid to the antibody binding reaction by 
replacement net assay. The network analysis suggested an epitope of QDPV 
for the SB10 monoclonal antibody and an epitope of XNNPE for the 
polyclonal sera. Epitope mapping may identify specific-specific epitopes 
within cross -reactive antigens suitable for inclusion in a serological 
test for cattle tuberculosis. (37 ref) 
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38 , 000-molecular-weight protein of Mycobacterium tuberculosis - 
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AB Only a limited number of proteins from Mycobacterium tuberculosis 

have so far been shown to possess species -specif ic epitopes as defined by 
monoclonal antibodies. One such protein is protein antigen b (Pab) of 
molecular weight 38,000, which binds the monoclonal antibodies HYT 28, HAT 
2, HBT 12, HGT 3, TB 71, and TB 72. The gene encoding this protein was 
isolated from a lambda gtll M. tuberculosis DNA library. The 
nucleotide sequence of the recombinant mycobacterial insert was 
determined, and an open reading frame of 374 amino acids was identified. 
The amino acid sequence exhibited 30% homology to a phosphate-binding 
protein, PstS, from Escherichia coli. The pab gene was subcloned into 
pBR322 in conjunction with the lacZ gene, and deletions were obtained from 
the 3' end. The anti-Pab monoclonal antibodies were used to probe crude 
protein lysates of E. coli transformed with the deletion plasmids. The 
monoclonal antibodies showed two reactivity patterns; one group of 
antibodies were dependent on the presence of the ultimate 91 amino acids 
of the protein, whereas another group of antibodies recognized an 
antigenic domain located on the middle portion of the molecule. None of 
the antibodies bound to the N-terminal 117-amino-acid peptide. 
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TI The mapping of epitopes of the 18-kDa protein of Mycobacterium leprae 

recognized by murine T cells in a proliferation assay. 

AU Harris D P; Backstrom B T; Booth R J; Love S G; Harding D R; Watson J D 

CS Department of Immunobiology , School of Medicine, University of Auckland, 
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AB The 18-kDa protein of Mycobacterium leprae was purified from recombinant 
plasmids pUL108 and pML-3 grown in Saccharomyces cerevisiae and 
Escherichia coli, respectively. Significant lymphoprol iterative responses 
were observed when T cells from immunized mice were challenged in culture 
with purified 18-kDa protein. Synthetic peptides have been prepared that 
span most of the 148 amino acid residues that constitute the sequence of 
the 18-kDa protein and used to map epitopes recognized by T cells. When 
mice were immunized with 18-kDa protein and lymph node cells subsequently 
prepared and challenged in microculture proliferative assays by using 
synthetic peptides, only one region of the intact protein appeared 
stimulatory. This T cell epitope was located between residues 116 and 
121, adjacent to an epitope between residues 110 and 115 which we have 
previously shown to bind the L5 mAb. Immunization of mice with peptides, 
and subsequent challenge of lymph node cells in assays by using the 18-kDa 
protein as Ag revealed that residues 111-125 were the most effective in 
priming responses. Furthermore, the ability of 18-kDa primed lymph node 
cells to recognize determinants on both M. leprae and Mycobacterium 
tuberculosis indicates that in addition to possessing an M. 
leprae-specif ic B cell determinant, the 18-kDa protein contains a 
cross-reactive T cell epitope (s). 
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antigen as recognized by human T cells. 
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AB A synthetic peptide approach has been used to identify the epitopes 
recognized by clonal and polyclonal human T cells reactive to the 
recombinant mycobacterial 65-kDa protein Ag. Three of the four epitopes 
identified were recognized as cross-reactive between Mycobacterium 
tuberculosis and Mycobacterium leprae, although their amino acid 
sequence in two of three cases was not identical. The peptide (231-245) 
defining an epitope recognized as specific to the M. tuberculosis 
complex contains two substitutions compared with the homologous M. leprae 
region of which one or both are critical to T cell recognition. The 
reactive T cell clones showed helper/inducer phenotype (CD4+, CD8-) , and 
secrete IL-2, granulocyt e -macrophage -CSF, and IFN-gamma upon Ag 
stimulation. The same clones display cytotoxicity against macrophages 
pulsed with the relevant peptides or mycobacteria. 
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AB In gene libraries of Mycobacterium bovis BCG, Mycobacterium 
tuberculosis, and Mycobacterium leprae, recombinants were 
frequently encountered that expressed an immunodominant 65-kilodalton 
(kDa) protein antigen that was shown to react with a high proportion of 
mycobacterium-reactive human and murine T cells and murine monoclonal 
antibodies. In this study, recombinant antigens were used to map T-cell 
and B-cell epitopes on the M. bovis BCG 65 -kDa protein that was previously 
designated MbaA. Four different T-cell -epitope-containing regions (amino 
acid residues 1 through 16, 17 through 61, 85 through 108, and 235 through 
279) were defined that were recognized by seven T-cell clones from 
patients with tuberculoid leprosy. These regions are distinct from two 
previously described T-cell epitopes recognized by T cells from a 
tuberculosis patient. As T-cell clones restricted by different 
class II determinants were shown to be specific for different regions on 
the 65 -kDa protein, the presented "data suggested that the products of 
different human leukocyte antigen class II loci and alleles present 
different parts of MbaA to the immune system. B-cell epitopes recognized 
by 20 monoclonal antibodies were assigned to eight different regions of 
MbaA. Using 15 of these antibodies, we previously showed that MbaA was 
antigenically related to a common antigen present in many bacterial 
species. The dispersed localization of the involved epitopes defined here 
shows that various different parts of MbaA are indeed conserved. These 
results show that well-defined recombinant antigens are useful tools for 
the localization of both B- and T-cell -epitope-containing regions of a 
protein. Peptides synthesized from the sequences of such regions may then 
exactly define the epitopes relevant for the development of specific 
diagnostic tests or of vaccines against mycobacteria. 
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TI New type of microheterogeneity of blood plasma albumin 
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AB A new type of microheterogeneity of electrophoret ically purified plasma 
albumin was reflected in its soly. in 80% EtOH following pptn. with 10% 
C13CC02H. The microheterogeneity, confirmed by spectropolarimetry and 
peptide mapping, is probably assocd. with the ability of 
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AB The recall of long-lived immunity in a mouse model of tuberculosis 

(TB) is defined as an accelerated accumulation of reactive T cells in the 

target organs. We have recently identified Ag 85B and a 6-kilodalton 

early secretory antigenic target, designated ESAT-6, 

as key antigenic targets recognized by these cells. In the present study, 
preferential recognition of the ESAT-6 Ag during the 
recall of immunity was found to be shared by five of six genetically 
different strains of mice. Overlapping peptides spanning the sequence of 
ESAT-6 were used to map two T cell epitopes on this 

molecule. One epitope recognized in the context of H-2b,d was located in 
the N- terminal part of the molecule, whereas an epitope recognized in the 
context of H-2a,k covered amino acids 51 to 60. Shorter versions of the 
N-terminal epitope allowed the precise definition of a 13 -amino acid core 
sequence recognized in the context of H-2b. The peptide covering the 
N-terminal epitope was immunogenic, and a T cell response with the same 
fine specificity as that induced during TB infection was generated by 
immunization with the peptide in I FA. In the C57BL/6j strain, this single 
epitope was recognized by an exceedingly high frequency of splenic T cells 
(approximately 1:1000), representing 25 to 35% of the total culture 
filtrate-reactive T cells recruited to the site of infection during the 
first phase of the recall response. These findings emphasize the 
relevance of this Ag in the immune response to TB and suggest that 
immunologic recognition in the first phase of infection is a highly 
restricted event dominated by a limited number of T cell clones. 



results had a weaker relation with exposure (1.9 (1.0-3.5), p=0.05). By 
contrast, ELISPOT results were not correlated with BCG vaccination status 
(p=0.7), whereas TST results were significantly more likely to be positive 
in BCG-vaccinated contacts (12.1 (1.3-115.7), p=0.03). Interpretation: 
This new antigen-specific T cell-based assay could allow more accurate 
identification of symptom-free individuals recently exposed to M 
tuberculosis, and thereby help to improve tuberculosis control. 
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AB There is no reliable means of detecting latent M . tuberculosis infection, 
and even in patients with active tuberculosis, infection is often 
unconfirmed. We hypothesized that M. tuberculosis antigen-specific T cells 
might reliably indicate infection. We enumerated peripheral blood-derived 
interferon gamma (I FN -gamma) -secreting T cells responding to epitopes from 
ESAT-6, an antigen that is highly specific for M. 

tuberculosis complex but absent from BCG, in four groups of individuals. 
Forty-five of 47 patients with bacteriologically confirmed tuberculosis 
had ESAT-6 -specif ic IFN-gamma-secret ing T cells, 
compared with four of 47 patients with nontuberculous illnesses, 
indicating that these T cells are an accurate marker of M. tuberculosis 
infection. This assay thus has a sensitivity of 96% (95% confidence 
interval (CI) 92-100) for detecting M. tuberculosis infection in this 
patient population. By comparison, of the 26 patients with tuberculosis 
who had a diagnostic tuberculin skin test (TST) , only 18 (69%) were 
positive (p = 0.003). In addition, '22 of 26 (85%) TST-positive exposed 
household contacts had ESAT-6-specif ic T cells, 

whereas zero of 26 unexposed BCG-vaccinated subjects responded. This 
approach enables rapid detection of M. tuberculosis infection in patients 
with active tuberculosis and in exposed asymptomatic individuals at high 
risk of latent infection; it also successfully distinguishes between M. 
tuberculosis infection and BCG vaccination. This capability may facilitate 
tuberculosis control in nonendemic regions. 
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Indians . 
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AB Knowledge of the prevalence of latent Mycobacterium tuberculosis infection 
is crucial for effective tuberculosis control, but tuberculin skin test 
surveys have major limitations, including poor specificity because of the 
broad antigenic cross-reactivity of tuberculin. The M. tuberculosis RD1 
genomic segment encodes proteins, such as early secretory antigenic target 
(ESAT)-6, that are absent from M. bovis bacille 

Calmette-Guerin (BCG) and most environmental mycobacteria. We recently 
identified circulating ESAT-6 -specif ic T cells as an 

accurate marker of M. tuberculosis infection. Here, interf er on -gamma - 
secreting T cells specific for peptides derived from ESAT- 
6 and a second RD1 gene product, CFP10, were enumerated in 100 
prospectively recruited healthy adults in Bombay (Mumbai) , India. Eighty 
percent responded to gtoreql antigen, and many donors had high frequencies 
of T cells that were specific for certain immunodominant peptides. In 
contrast, of 40 mostly BCG-vaccinated, United Kingdom- resident healthy 
adults, none responded to either antigen. This study suggests an 8 0% 
prevalence of latent M. tuberculosis infection in urban India. 
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AB WO 200026248 A UPAB : 20000630 

NOVELTY - Diagnosing infection in a host (M) , or exposure of a host, to a 

mycobacterium which expresses ESAT-6, comprises 

contacting T cells from the host with at least 1 of 11 peptides ((I) -(XI)) 
of 15 amino acids (aa) , or their analogues which bind a T cell receptor 
that binds (I) -(XI), but not peptides (III) or (V) (or their analogues) 



searches revealed that the three members of the TB10.4 family were present 
only in strains of the Mycobacterium tuberculosis complex, 
including BCG, and M . kansasii, whereas other atypical mycobacteria had 
either one (M. avium, M. intracellular, and M. marinum) or none (M. 
scrofulaceum, M. fortuitum, and M . szulgai) of the genes. The fine 
specificity of the T-cell response to the three closely related 
esat-6 family members was markedly different, with only 
a few epitopes shared between the molecules. Minimal differences in the 
amino acid sequence translated into large differences in recognition by T 
cells and secretion of gamma interferon. In general, the peptides from 
TB10.4 stimulated the largest responses, but epitopes unique to both 
TB10.3 and TB12 . 9 were found. The relevance of the findings for TB vaccine 
development and as a potential mechanism for immune evasion is discussed. 
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TI Antigen specificity in experimental bovine tuberculosis 

AU Rhodes, S. G.; Gavier-Widen, D. ; Buddie, B. M . ; Whelan, A. 0.,- Singh, M. ; 
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AB This report describes the kinetics of T-cell responses to a panel of 
mycobacterial antigens (PPD-M, PPD-A, ESAT-6, Ag85, 

38kD, MPB64 , MPB70, MPB83 , hspl6.1, hsp65, and hsp70) following exptl . 
infection of cattle with Mycobacterium bovis. Increased antigen-specific 
lymphocyte proliferation, gamma interferon, and interleukin-2 responses 
were obsd. in all calves following infection. Pos . lymphocyte 
proliferation and cytokine responses to PPD-M and ESAT-6 
were obsd. throughout the infection period studied. In contrast, 
responses to all other antigens were more variable and were not constantly 
present, suggesting that antigen cocktails rather than individual antigens 
should be used for immunodiagnosis . The detection of cytokine responses 
in the absence of lymphocyte proliferation, particularly during the early 
stages of infection, suggests a role for antigen-specific cytokine readout 
systems in the early identification of M. bovis infection in cattle. 
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AB We examined the immune responses of patients with active pulmonary 
tuberculosis (TB) and their healthy household contacts to 
short-term culture filtrate (ST-CF) of Mycobacterium tuberculosis 
or molecular mass fractions derived from it. Our goal was to identify 
fractions strongly recognized by donors and differences among the donor 
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AB Bioinf ormatics tools have the potential to accelerate research into the 
design of vaccines and diagnostic tests by exploiting genome 
sequences. The aim of this study was to assess whether in silico analysis 
could be combined with in vitro screening methods to rapidly identify 
peptides that are immunogenic during Mycobacterium bovis infection of 
cattle. In the first instance the M. bovis -derived protein ESAT- 
6 was used as a model antigen to describe peptides containing 
T-cell epitopes that were frequently recognized 

across mammalian species, including natural hosts for tuberculosis 
(humans and cattle) and small -animal models of tuberculosis 
(mice and guinea pigs) . Having demonstrated that some peptides could be 
recognized by T cells from a number of M. bovis -infected hosts, we tested 
whether a virtual -matrix-based human prediction program (ProPred) could 
identify peptides that were recognized by T cells from M. bovis-inf ected 
cattle. In this study, 73% of the experimentally defined peptides from 10 
M. bovis antigens that were recognized by bovine T cells contained motifs 
predicted by ProPred. Finally, in validating this observation, we showed 
that three of five peptides from the mycobacterial antigen Rv3019c that 
were predicted to contain HLA-DR-restricted epitopes were recognized by T 
cells from M. bovis-inf ected cattle. The results obtained in this study 
support the approach of using bioinf ormatics to increase the efficiency of 
epitope screening and selection. 
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AB We have used a synthetic-pept ide approach to map epitope regions of the 
Mycobacterium tuberculosis ESAT-6 antigen 

recognized by human T cells in relation to major histocompatibility 
complex (MHC) restriction. ESAT-6-specif ic CD4+ T-cell 

lines were established by stimulating peripheral blood mononuclear cells 
from 25 HLA-DR- typed tuberculosis patients with complete antigen 
in vitro. The established T-cell lines were then screened for 
proliferation and inter feron-gamma (IFN-gamma) secretion in response to 
eight overlapping 20-mer peptides covering the ESAT-6 
sequence. The response of the T-cell lines to ESAT-6 

and peptides from a human leucocyte antigen (HLA) -heterogeneous group of 
donors suggested the presence of multiple epitopes and promiscuous 
recognition of the antigen. Analysis of antigen and peptide recognition in 
the presence of anti-HLA class I and class II antibodies suggested that 
the T-cell lines recognized ESAT- 

6 in association with HLA-DR and -DQ molecules. Furthermore, 
testing of selected T-cell lines with ESAT-6 and the 
peptides in the presence of autologous and allogeneic HLA-DR- and 
-DQ-typed antigen-presenting cells identified HLA-DR2, -DR52 and -DQ2 



Hewinson, R. G. ; Vordermeier, H. M . 
CS TB Research Group, Veterinary Laboratories Agency, Surrey, KT15 3NB, UK 
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AB This report describes the kinetics of T-cell responses to a panel of 
mycobacterial antigens (PPD-M, PPD-A, ESAT-6, Ag85, 

38kD, MPB64, MPB70 , MPB83, hspl6.1, hsp65, and hsp70) following exptl . 
infection of cattle with Mycobacterium bovis. Increased antigen-specific 
lymphocyte proliferation, gamma interferon, and interleukin-2 responses 
were obsd. in all calves following infection. Pos . lymphocyte 
proliferation and cytokine responses to PPD-M and ESAT-6 
were obsd. throughout the infection period studied. In contrast, 
responses to all other antigens were more variable and were not constantly 
present, suggesting that antigen cocktails rather than individual antigens 
should be used for immunodiagnosis . The detection of cytokine 
responses in the absence of lymphocyte proliferation, particularly during 
the early stages of infection, suggests a role for antigen-specific 
cytokine readout systems in the early identification of M. bovis infection 
in cattle. 
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TI B-cell epitopes and quantification of the ESAT-6 

protein of Mycobacterium tuberculosis. 
AU Harboe, Morten (1); Malin, Adam S.; Dockrell, Hazel S.; Wiker, Harald 

Gotten; Ulvund, Gunni; Holm, Arne; Jorgensen, Mikala Clok; Andersen, Peter 
CS (1) Inst. Immunol. Rheumatol., Univ. Oslo, Fr. Qvams gate 1, N-0172 Oslo 

Norway 
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AB, ESAT-6 is an important T-cell 

antigen recognized by protective T cells in animal models of 
infection with Mycobacterium tuberculosis. In an enzyme-linked 
immunosorbent assay (ELISA) with overlapping peptides spanning 
the sequence of ESAT-6 , monoclonal antibody HYB76-8 

reacted with two peptides in the N- terminal region of the molecule. Assays 
with synthetic truncated peptides allowed a precise mapping of the epitope 
to the residues EQQWNFAGI EAAA at positions 3 to 15. Hydrophilicity plots 
revealed one hydrophilic area at the N terminus and two additional areas 
further along the polypeptide chain. Antipeptide antibodies were generated 
by immunization with synthetic 8-mer peptides corresponding to these two 
regions coupled to keyhole limpet hemocyanin. Prolonged immunization with 
a 23-mer peptide (positions 40 to 62) resulted in the formation of 
antibodies reacting with the peptide as well as native ESAT- 
6. A double -antibody ELISA was then developed with monoclonal 
antibody HYB76-8 as a capture antibody, antigen for testing in the second 
layer, and antipeptide antibody in the third layer. The assay 
was suitable for quantification of ESAT-6 in M. 

tuberculosis antigen preparations, showing no reactivity with M. 
bovis BCG Tokyo culture fluid, used as a negative control, or with MPT64 
or antigen 85B, previously shown to cross-react with HYB76-8. This capture 
ELISA permitted the identification of ESAT-6 

expression from vaccinia virus constructs containing the esat- 
6 gene; this expression could not be identified by standard 
immunoblotting . 



SO JOURNAL OF IMMUNOLOGY, (2001 Nov 1) 167 (9) 5217-25. 
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AB The wide spectrum of clinical outcomes following infection with 
Mycobacterium tuberculosis is largely determined by the host 
immune response; therefore, we studied several clinically defined groups 
of individuals (n = 120) that differ in their ability to contain the 
bacillus. To quant itate M. tuberculosis-specific T cells 
directly ex vivo, we enumerated I FN -gamma- secret ing CD4 T cells specific 
for ESAT-6, a secreted Ag that is highly specific for 
M. tuberculosis, and a target of protective immune responses in 
animal models. We found that frequencies of circulating ESAT- 
6 peptide-specif ic IFN-gamma-secreting CD4 T cells were higher in 
latently infected healthy contacts and subjects with minimal disease and 
low bacterial burdens than in patients with culture-positive active 
pulmonary tuberculosis (p = 0.009 and p = 0.002, respectively). 
Importantly, the frequency of these Ag-specific CD 4 T cells fell 
progressively in all groups with treatment (p = 0.005), 
suggesting that the lower responses in patients with more extensive 
disease were not due to tuberculosis -induced immune suppression. 
This population of M. tuberculosis Ag-specific Thl-type CD4 T 
cells appears to correlate with clinical phenotype and declines during 
successful therapy; these features are consistent with a role for these T 
cells in the containment of M. tuberculosis in vivo. Such 
findings may assist in the design and evaluation of novel 
tuberculosis vaccine candidates. 
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carrier strain and expressed by naked DNA. 
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AB We have constructed a recombinant (r) attenuated Salmonella typhimurium 

strain which secretes ESAT-6 of Mycobacterium 

tuberculosis via the hemolysin secretion system of E. coli. 

Additionally, we have ligated ESAT-6 to different 

commercially available mammalian expression systems for use as naked DNA 
vaccines. We studied protection against M. tuberculosis 
induced by vaccination with each of these constructs alone or in 
combination in mice. Vaccination with a single dose of r S. 
typhimurium secreting ESAT-6 reduced numbers of 

tubercle bacilli in the lungs throughout the course of infection. The 



detection of active TB. DESIGN: We describe five patients with uncommon 

presentations of tuberculosis, in whom the diagnosis was delayed 

by negative or conflicting results of diagnostic procedures aimed at 

detection of M. tuberculosis and an uninformat ive tuberculin 

skin test. IFN-gamma production in response to ESAT-6 

and CFP-10 by peripheral blood mononuclear cells from these patients was 
evaluated before and during ant i- tuberculosis treatment 

RESULTS: In all five patients, IFN-gamma responses to ESAT- 
6 and/or CFP-10 were above the cut-off level defined in a previous 
study. During treatment/ IFN-gamma responses generally 

increased. CONCLUSION: These results indicate that T cell responses to M. 
tuberculosis-specific antigens have potential diagnostic value 
when TB is suspected and the results of other diagnostic tests are 
inconclusive, especially in BCG-vaccinated individuals. 
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TI Antigen discovery and tuberculosis vaccine development 

in the post -genomic era. 
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AB For a number of years, a major effort has been put into the identification 
of candidate molecules for inclusion in a novel vaccine against 
tuberculosis. Various techniques have been exploited and have 
resulted in the identification of immunologically important antigens such 
as the immunodominant antigens ESAT-6 and antigen 

85A/B. Today, the availability of the total nucleotide sequence of the 
Mycobacterium tuberculosis genome enables a post -genomic antigen 
discovery approach based on denotation and screening of complete protein 
families containing immunodominant molecules. One group of genes sharing 
properties with ESAT-6 constitute what has been called 
the esat-6 gene family. The genes have 10-35% 
homology to esat-6, are approximately the same size 

and share genomic organization. The data accumulated so far demonstrate 
that these molecules are immunodominant antigens strongly recognized in 
human TB patients and with the potential for a novel TB vaccine* 
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Use of synthetic peptides derived from the antigens ESAT- 
6 and CFP-10 for differential diagnosis of bovine 
tuberculosis in cattle. 
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AB In Great Britain an independent scientific review for the government has 
concluded that the development of a cattle vaccine against 
Mycobacterium bovis infection holds the best long-term prospect for 
tuberculosis control in British herds. A precondition for 
vaccination is the development of a complementary diagnostic test 
to differentiate between vaccinated animals and those infected 
with M. bovis so that testing and slaughter-based control strategies can 
continue alongside vaccination- To date bacillus Calmette-Guerin 
(BCG) , an attenuated strain of M. bovis, is the only available 
vaccine for the prevention of tuberculosis. 

However, tests based on tuberculin purified protein derivative cannot 
distinguish between M. bovis infection and BCG vaccination. 
Therefore, specific antigens expressed by M. bovis but absent from BCG 
constitute prime candidates for differential diagnostic reagents. 
Recently, two such antigens, ESAT-6 and CFP-10, have 

been reported to be promising candidates as diagnostic reagents for the 

detection of M. bovis infection in cattle. Here we report the 

identification of promiscuous peptides of CFP-10 that were recognized by 

M. bovis-inf ected cattle. Five of these peptides were formulated into a 

peptide cocktail together with five peptides derived from ESAT- 

6. Using this peptide cocktail in T-cell assays, M. bovis-inf ected 

animals were detected, while BCG -vaccinated or Mycobacterium 

avium-sensitized animals did not respond. The sensitivity of the peptide 

cocktail as an antigen in a whole-blood gamma interferon assay was 

determined using naturally infected field reactor cattle, and the 

specificity was determined using blood from BCG-vaccinated and 

noninf ected, nonvaccinated animals. The sensitivity of the assay in cattle 

with confirmed tuberculosis was found to be 77.9%, with a 

specificity of 100% in BCG-vaccinated or nonvaccinated animals. 

This compares favorably with the specificity of tuberculin when tested in 

noninf ected or vaccinated animals. In summary, our results 

demonstrate that this peptide cocktail can discriminate between M. bovis 

infection and BCG vaccination with a high degree of sensitivity 

and specificity. 
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AB Diagnostic accuracy is of paramount importance in test-and-slaughter 

programmes for the eradication of bovine tuberculosis (TB) . 

Currently applied methods, such as in vivo skin testing and in vitro 

interf eron-gamma (IFN- gamma) testing, utilize purified protein 



6 response was found in TB patients. 
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AB DNA immunization is a promising new approach for the development of novel 

tuberculosis vaccines- In this study, the immune 

responses following the administration of single and combination 

tuberculosis DNA vaccines were evaluated. Single DNA 

vaccines encoding the MPT- 63 and MPT- 8 3 tuberculosis 

antigens evoked partial protection against an aerogenic challenge with M. 
tuberculosis Erdman in the mouse model of pulmonary 
tuberculosis. Immunization with a multivalent combination DNA 
vaccine (containing the ESAT-6, MPT-64, 

MPT-63, and KatG constructs) generated immune responses that indicated an 
absence of antigenic competition since antigen-specific cell-mediated and 
humoral responses were detected to each component of the mixture. More 
importantly, the combination vaccine elicited a strong 
protective response relative to the protection evoked by live BCG 
vaccine. 
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to early-secreted antigenic target 6-kDa protein and culture filtrate 
protein 10. 
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AB The purified protein derivative (PPD) skin test has no predictive value 
for tuberculosis (TB) in Mycobacterium bovis bacillus 
Calmette-Guerin (BCG) -vaccinated individuals because of 
cross-reactive responses to nonspecific constituents' of PPD. T cell 
responses to early-secreted antigenic target 6-kDa protein (ESAT 



-6) and the newly identified culture filtrate protein 10 

(CFP-10), 2 proteins specifically expressed by M. tuberculosis 

(MTB) but not by BCG strains, were evaluated. Most TB patients responded 

to ESAT-6 (92%) or CFP-10 (89%) . A minority of BCG- 

vaccinated individuals responded to both ESAT-6 

and CFP-10, their history being consistent with latent infection with MTB 
in the presence of protective immunity. No responses were found in 
PPD-negative controls. The sensitivity and specificity of the assay were 
84% and 100%, respectively, at a cutoff of 300 pg of interf e r on - gamma /mL. 
These data indicate that ESAT-6 and CFP-10 are 

promising antigens for highly specific immunodiagnosis of TB, even in BCG- 
vaccinated individuals. 
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AB We have investigated the vaccine potential of two peptides 

derived from the 6-kDa early secretory antigenic target (ESAT) - 

6 antigen in the mouse model of tuberculosis. The 

peptides were both strongly immunogenic in B6CBAF1 (H-2b,k) mice and 

primed recall responses of the same intensity after immunization. 

However, both tuberculosis infection and immunization with 

ESAT-6 resulted in responses focused towards ESAT-61-20. 

Multiple antigen peptide constructs as well as free peptides were 

emulsified with dimethyl dioctadecylammonium bromide/monophosphoryl lipid 

A/IL-2 and tested as experimental vaccines in an i.v. and 

aerosol model of tuberculosis in mice. The peptide were highly 

immunogenic and induced cellular responses of the same magnitude. 

However, only vaccines based on the subdominant ESAT-651-70 

epitope promoted significant levels of protective immunity and the level 

of protection was equivalent to that achieved with ESAT- 

6 and BCG. These findings demonstrate the potential of 

peptide-based vaccines against tuberculosis and 

indicate that there is not direct correlation between the hierarchy of 
response to naturally processed peptides and their ability to induce 
protective immunity against Mycobacterium tuberculosis. 
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ESAT-6 (6 kDa) as candidate antigens, DNA 
vaccines were prepared and tested for immunogenic ity and 
protective efficacy in a murine model of aerosolized tuberculosis 
(TB) . Intramuscular immunization with DNA-64 or DNA-85B resulted in the 
activation of CD4(+) T cells, which produce gamma interferon (IFN-gamma) , 
and high titers of specific immunoglobulin G antibodies. Further, DNA-64 
induced major histocompatibility complex class I-restricted CD8(+) 
cytotoxic T cells. The addition of a eukaryotic leader sequence to mpt64 
did not significantly increase the T-cell or antibody response. Each of 
the three DNA vectors stimulated a significant reduction in the level of 
M. tuberculosis infection in the lungs of mice challenged 4 
weeks after immunization, but not to the levels resulting after 
immunization with Mycobacterium bovis BCG. The vaccines showed 
a consistent hierarchy of protection, with the most effective being Ag85B, 
followed by ESAT-6 and then MPT64 . Coimmunization 

with the three vectors resulted in a greater degree of protection than 
that induced by any single vector. This protective efficacy was 
associated with the emergence of IFN-gamma -secreting T cells earlier than 
in infected animals immunized with a control vector. The efficacy of 
these DNA vaccines suggests that multisubunit 
vaccination may contribute to future vaccine strategies 
against TB. 
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AB In Great Britain a recent independent scientific review for the government 
has concluded that the development of a cattle vaccine against 
Mycobacterium bovis holds the best long-term prospect for 
tuberculosis control in British herds. A sine qua non for 
vaccination is the development of a complementary diagnostic test 
to differentiate between vaccinated animals and those infected 
with M. bovis so that test-and-slaughter-based control strategies can 
continue alongside vaccination. In order to assess the 
feasibility of developing a differential diagnostic test for a live 
vaccine, we chose M. bovis BCG Pasteur as a model system. 
Recombinant forms of antigens which are expressed in M. bovis but not, or 
only at low levels, in BCG Pasteur (ESAT-6 , MPB64 , 

MPB70, and MPB83) were produced. These reagents were tested either alone 
or in combination by using peripheral blood mononuclear cells from M. 
bovis -infected, BCG-vaccinated, and Mycobacterium 

avium-sensitized calves. All four antigens induced in vitro proliferation 
and gamma interferon responses only in M. bovis -infected animals. A 
cocktail composed of ESAT-6, MPB64, and MPB83 

identified infected animals but not those vaccinated with BCG. 
In addition, promiscuous T-cell epitopes of ESAT-6, 

MPB64 , and MPB83 were formulated into a peptide cocktail. In T-cell assays 
with this peptide cocktail, infected animals were identified with 
frequencies similar to those obtained in assays with the protein cocktail, 
while BCG-vaccinated or M. avium-sensitized animals did not 



immune Africans in The Gambia, eight largely conserved cytotoxic 
T- lymphocyte epitopes in P. falciparum, restricted by several different 
HIA class I alleles, were identified. Several epitopes were also 
recognized in Tanzanians and cytotoxic T-lymphocytes recognized 
endogenously processed antigen. 4. In tuberculosis patients with 
HLA-B52, a CD8 + cytotoxic T-lymphocyte epitope was identified in 
ESAT-6, a secreted antigen specific for M. 

tuberculosis complex but absent in BCG. Cytotoxic T-lymphocytes 
exhibited HLA-B52-restricted pept ide-specif ic interf eron-gamma release and 
lytic activity and recognized endogenously processed antigen . 5 . These 
studies demonstrate that CD8+ cytotoxic T-lymphocytes specific for 
mycobacterial and protozoal antigens are induced during natural infections 
in humans. The identification of these T-cells endorses current 
strategies to develop cytotoxic T-lymphocyte- inducing vaccines 
against P. falciparum and M . tuberculosis and highlights 
candidate antigens for inclusion in subunit vaccines. 
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AB New weapons are needed in the fight against tuberculosis, both 
antibacterial drugs and a vaccine- If one new antituberculosis 
drug is developed it will encounter emerging resistance; at least two are 
needed, to be used in combination only. This is a complicated and 
difficult goal. In contrast, an effective new vaccine would have 
multiple antigenic targets within the bacterium, making the emergence of 
resistance to the vaccine unlikely. This is a simpler goal to 
achieve, and recent research indicates that it may be within reach. A 
diverse range of protein antigens can give encouragingly high levels of 
protective immunity in animal models when administered with adjuvants or 
as DNA vaccines. Accelerated arrest of bacterial multiplication, 
followed by sustained decline in bacterial numbers, are key parameters of 
protection; the vaccine must target antigens produced by 
actively multiplying bacteria as well as growth- inhibited bacteria. 
Consistent with this, the protective antigens have been found among 
secreted and stress proteins (for example Ag85, ESAT-6 
, hsp65, hsp70) . Species- specific antigens are not required, so these 
remain available for diagnostic tests. Adoptive transfer of protection 
from vaccinated or infected mice into naive mice by transfer of 
purified T cells and clones shows that protection is expressed by 
antigen-specific cytotoxic T cells that produce interferon- .gamma, and 
lyse infected macrophages. These cells are produced in response to 
endogenous antigen. DNA vaccination appears to be superior to 
recombinant mycobacterial or viral vectors for this purpose. 
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AB New weapons are needed in the fight against tuberculosis. 

Recent research indicates that a vaccine better than BCG may be 
within reach. A diverse range of protein antigens can give encouragingly 
high levels of protective immunity in animal models when administered with 
adjuvants or as DNA vaccines. Accelerated arrest of bacterial 
multiplication followed by sustained decline in bacterial numbers are key 
parameters of protection and so the vaccine must target antigens 
produced by both actively multiplying and growth- inhibited bacteria. 
Consistent with this, the protective antigens have been found among 
secreted and stress proteins (e.g. Ag85, ESAT-6, 

hsp65, hsp70) . Species-specific antigens are not needed, hence these 
remain available for diagnostic tests. Adoptive transfer of protection 
from vaccinated or infected mice into naive mice by transfer of 
purified T cells and clones shows that protection is expressed by 
antigen-specific cytotoxic T cells that produce interf eron-gamma and lyse 
infected macrophages. These cells are produced in response to endogenous 
antigen. DNA vaccination appears to be an excellent way of 
generating these cells and may be able to give long-lasting protection. 
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the individual whether the level of T cells specific for a mycobacterial 
antigen has decreased after the treatment, thereby detg. the efficacy of 
the treatment. 
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TI Epitope mapping of the immunodominant antigen TB10.4 

and the two homologous proteins TB10.3 and TB12.9, which constitute a 

subfamily of the esat-6 gene family. 
AU Skjot, Rikke Louise Vintner; Brock, Inger; Arend, Sandra M . ; Munk, Martin 

E. ; Theisen, Michael; Ottenhoff, Tom H. M . ; Andersen, Peter (1) 
CS (1) Department of TB Immunology, Statens Serum Institut, Artillerivej 5, 

DK-23 00, Copenhagen S: pa@ssi.dk Denmark 
SO Infection and Immunity, (October, 2002) Vol. 70, No. 10, pp. 5446-5453. 

print . 

ISSN: 0019-9567. 
DT Article 
LA English 

AB The human T-cell recognition of the low-molecular-mass culture filtrate 
antigen TB10.4 was evaluated in detail. The molecule was strongly 
recognized by T cells isolated from tuberculosis (TB) patients 
and from BCG-vaccinated donors. The epitopes on TB10.4 were mapped with 
overlapping peptides and found to be distributed throughout the molecule. 
The broadest response was found in TB patients, whereas the response in 
BCG-vaccinated donors was' focused mainly toward a dominant epitope located 
in the N terminus (amino acids 1 to 18) . The gene encoding TB10.4 was 
found to belong to a subfamily within the esat-6 

family that consists of the three highly homologous proteins TB10.4, 
TB10.3, and TB12.9 (Rv0288, Rv3019c, and Rv3017c, respectively). Southern 
blot analysis combined with database searches revealed that the three 
members of the TB10.4 family were present only in strains of the 
Mycobacterium tuberculosis complex, including BCG, and M. 

kansasii, whereas other atypical mycobacteria had either one (M. avium, M. 
intracellular, and M. marinum) or none (M. scrofulaceum, M. fortuitum, 
and M. szulgai) of the genes. The fine specificity of the T-cell response 
to the three closely related esat-6 family members was 

markedly different, with only a few epitopes shared between the molecules. 
Minimal differences in the amino acid sequence translated into large 
differences in recognition by T cells and secretion of gamma interferon. 
In general, the peptides from TB10.4 stimulated the largest responses, but 
epitopes unique to both TB10.3 and TB12 . 9 were found. The relevance of the 
findings for TB vaccine development and as a potential mechanism for 
immune evasion is discussed. 
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TI Rapid detection of active and latent tuberculosis infection in 

HIV-positive individuals by enumeration of Mycobacterium 

tuberculosis-specific T cells. 
AU Chapman Ann L N; Munkanta Mwansa,- Wilkinson Katalin A; Pathan Ansar A; 

Ewer Katie; Ayles .Helen; Reece William H; Mwinga Alwyn; Godf rey-Faussett 

Peter; Lalvani Ajit 
CS Nuffield Department of Clinical Medicine, University of Oxford, John 

Radcliffe Hospital, Oxford, UK. 
SO AIDS, (2002 Nov 22) 16 (17) 2285-93. 

Journal code: 8710219. ISSN: 0269-9370. 
CY England: United Kingdom 
DT (EVALUATION STUDIES) 

Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Priority Journals; AIDS 



mycobacteria. We recently identified circulating ESAT-6 

-specific T cells as an accurate marker of M. tuberculosis 

infection. Here, interf eron-gamma-secreting T cells specific for peptides 

derived from ESAT-6 and a second RD1 gene product, 

CFP10, were enumerated in 100 prospectively recruited healthy adults in 
Bombay (Mumbai) , India. Eighty percent responded to >/=l antigen, and 
many donors had high frequencies of T cells that were specific for certain 
immunodominant peptides. In contrast, of 40 mostly BCG-vaccinated, United 
Kingdom- resident healthy adults, none responded to either antigen. This 
study suggests an 8 0% prevalence of latent M. tuberculosis 
infection in urban India. 
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DN 20336480 PubMed ID: 10875783 

TI Multiple epitopes from the Mycobacterium tuberculosis 

ESAT-6 antigen are recognized by antigen-specific human 
T cell lines. 

AU Mustafa A S; Oftung F; Amoudy H A; Madi N M; Abal A T; Shaban F; Rosen 

Krands I ,- Andersen P 
CS Department of Microbiology, Kuwait University, Safat 13110, Kuwait.. 

abusal im@hsc . kuniv . edu . kw 
SO CLINICAL INFECTIOUS DISEASES , (2000 Jun) 30 Suppl 3 S201-5. 

Journal code: 9203213. ISSN: 1058-4838. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA Engl i sh 

FS Priority Journals 

EM 200009 

ED Entered STN: 20000915 

Last Updated on STN: 20000915 

Entered Medline: 20000906 
AB A synthetic-peptide approach was used to map epitope regions of the 

Mycobacterium tuberculosis 6-kDa early secreted antigen target ( 

ESAT-6) by testing human CD4(+) T cell lines for 

secretion of IFN-gamma in response to recombinant ESAT-6 

(rESAT-6) and overlapping 2 0-mer peptides covering the antigen sequence. 

The results demonstrate that all of the ESAT-6 

peptides screened were able to induce IFN-gamma secretion from one or more 

of the T cell lines tested. Some of the individual T cell lines showed 

the capacity to respond to all peptides. Human leukocyte antigen (HLA-DR) 

typing of the donors showed that rESAT-6 was presented to T cells in 

association with multiple HLA-DR molecules. The results suggest that 

frequent recognition of the M. tuberculosis ESAT- 

6 antigen by T cells from patients with tuberculosis is 

due to the presence of multiple epitopes scattered throughout the 

ESAT-6 sequence. 
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TI B-cell epitopes and quantification of the ESAT-6 

protein of Mycobacterium tuberculosis. 
AU Harboe, Morten (1); Malin, Adam S.; Dockrell, Hazel S.; Wiker, Harald 

Gotten; Ulvund, Gunni; Holm, Arne; Jorgensen, Mikala Clok; Andersen, Peter 
CS (1) Inst. Immunol. Rheumatol., Univ. Oslo, Fr. Qvams gate 1, N-0172 Oslo 

Norway 

SO Infection and Immunity, (Feb., 1998) Vol. 66, No. 2, pp. 717-723. 

ISSN: 0019-9567. 
DT Article 
LA English 

AB ESAT-6 is an important T-cell antigen recognized by 

protective T cells in animal models of infection with Mycobacterium 



tuberculosis . In an enzyme- linked immunosorbent assay (ELISA) with 
overlapping peptides spanning the sequence of ESAT-6, 

monoclonal antibody HYB76-8 reacted with two peptides in the N-terminal 
region of the molecule. Assays with synthetic truncated peptides allowed a 
precise mapping of the epitope to the residues 

EQQWNFAGI EAAA at positions 3 to 15. Hydrophilicity plots revealed one 
hydrophilic area at the N terminus and two additional areas further along 
the polypeptide chain. Antipeptide antibodies were generated by 
immunization with synthetic 8-mer peptides corresponding to these two 
regions coupled to keyhole limpet hemocyanin. Prolonged immunization with 
a 23-mer peptide (positions 40 to 62) resulted in the formation of 
antibodies reacting with the peptide as well as native ESAT- 
6- A double -antibody ELISA was then developed with monoclonal 
antibody HYB76-8 as a capture antibody, antigen for testing in the second 
layer, and antipeptide antibody in the third layer. The assay was suitable 
for quantification of ESAT-6 in M. 

tuberculosis antigen preparations, showing no reactivity with M. 
bovis BCG Tokyo culture fluid, used as a negative control, or with MPT64 
or antigen 85B, previously shown to cross-react with HYB76-8. This capture 
ELISA permitted the identification of ESAT-6 

expression from vaccinia virus constructs containing the esat- 
6 gene; this expression could not be identified by standard 
immunoblotting . 
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TI Building a better tuberculosis vaccine. 

CM Comment on: Nat Med. 2003 May; 9 (5) : 533-9 

AU Young Douglas B 

SO NATURE MEDICINE, (2003 May) 9 (5) 503-4. 

Journal code: 9502015. ISSN: 1078-8956. 
CY United States 
DT Commentary 

News Announcement 
LA English 
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TI Enhanced murine antigen- specific gamma interferon and immunoglobulin G2a 
responses by using mycobacterial ESAT-6 sequences in DNA vaccines. 



AU Minion F Chris; Menon Sreekumar A; Mahairas Gregory G; Wannemuehler M J 
CS Department of Veterinary Microbiology and Preventive Medicine, Iowa State 

University, Ames, IA 50011, USA., fcminion@iastate.edu 
SO INFECTION AND IMMUNITY, (2003 Apr) 71 (4) 2239-43. 

Journal code: 0246127. ISSN: 0019-9567. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200305 

ED Entered STN: 20030326 

Last Updated on STN: 20030513 
Entered Medline: 20030512 

AB The Mycobacterium tuberculosis protein ESAT-6 has unusual immune 

stimulating activities, has been implicated in the recall of long-lived 
immunity, and induces protection against tuberculosis in mice. 
For many diseases caused by bacterial or viral pathogens, a strong 
cell-mediated immune (i.e., type 1) response is often required for 
recovery or protection. Therefore, it is important to design immunization 
regimens that induce agent-specific type 1 immunity. We have shown in 
previous studies that ESAT-6 could enhance antigen-specific type 1 immune 
responses in BALB/c mice against a second antigen when presented as a 
purified fusion protein. It was also of interest to determine if ESAT-6 
could enhance the type 1 response against a second antigen beyond that 
afforded by DNA vaccination through CpG motifs. This was tested by using 
gene fusions of ESAT-6 and the Mycoplasma hyopneumoniae surface antigen 
P71. Modified P71 gene sequences were cloned with or without ESAT-6 
sequences into a DNA vaccine vector and were used to immunize mice. 
Splenic lymphocytes from vaccinated mice were tested for gamma interferon 
(IFN-gamma) and interleukin-10 (IL-10) secretion. Serum antibodies were 
examined for P71 antigen-specific isotype responses. When stimulated in 
vitro with purified P71 antigen, splenocytes from the ESAT-6 :P71 
vaccinates secreted higher levels of IFN-gamma and lower levels of IL-10 
compared to those of vaccinates receiving the P71 construct alone. 
Furthermore, the immunoglobulin G2a serum antibody levels were 
significantly higher in the ESAT-6 :P71 vaccinates compared to those of the 
vaccinates receiving P71 alone. In conclusion, ESAT-6 was shown to 
enhance antigen-specific type 1 immune responses in BALB/c mice when used 
in DNA vaccines. 
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TI Virulence, immunogenic ity, and protective efficacy of two recombinant 
Mycobacterium bovis bacillus Calmette-Guerin strains expressing the 
antigen ESAT-6 from Mycobacterium tuberculosis. 

AU Bao Lang; Chen Wei; Zhang Huidong; Wang Xiaoying 

CS Research Unit of Infection and Immunity, West China Medical Center, 
Sichuan University, No. 17, 3rd Section, Ren Min Nan Road, Chengdu, 
Sichuan 610041, People's Republic of China., baolang@wcums.edu.cn 

SO INFECTION AND IMMUNITY, (2003 Apr) 71 (4) 1656-61. 
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CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
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Entered Medline: 20030512 
AB We constructed two recombinant Mycobacterium bovis BCG (rBCG) strains 

expressing ESAT-6 of Mycobacterium tuberculosis, named rBCG-1 

and rBCG-2. rBCG-1 contained the ESAT-6 gene linked to BCG hsp60 and 



DN 21655153 PubMed ID: 11796598 

TI Failure of the Mycobacterium bovis BCG vaccine: some species of 

environmental mycobacteria block multiplication of BCG and induction of 

protective immunity to tuberculosis. 
AU Brandt Lise; Feino Cunha Joana; Weinreich Olsen Anja; Chilima Ben; Hirsch 

Penny; Appelberg Rui; Andersen Peter 
CS Department of TB Immunology, Stat ens Serum Ins ti tut, Copenhagen, Denmark. 
SO INFECTION AND IMMUNITY, (2002 Feb) 70 (2) 672-8. 

Journal code: 0246127. ISSN: 0019-9567. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200202 

ED Entered STN : 20020128 

Last Updated on STN: 20030111 
Entered Medline: 20020221 

AB The efficacy of Mycobacterium bovis bacillus Calmette-Guerin (BCG) vaccine 
against pulmonary tuberculosis (TB) varies enormously in 
different populations. The prevailing hypothesis attributes this 
variation to interactions between the vaccine and mycobacteria common in 
the environment, but the precise mechanism has so far not been clarified. 
Our study demonstrates that prior exposure to live environmental 
mycobacteria can result in a broad immune response that is recalled 
rapidly after BCG vaccination and controls the multiplication of the 
vaccine. In these sensitized mice, BCG elicits only a transient immune 
response with a low frequency of mycobacterium-specif ic cells and no 
protective immunity against TB. In contrast, the efficacy of TB subunit 
vaccines was unaffected by prior exposure to environmental mycobacteria. 
Six different isolates from soil and sputum samples from Karonga district 
in Northern Malawi (a region in which BCG vaccination has no effect 
against pulmonary TB) were investigated in the mouse model, and two 
strains of the Mycobacterium avium complex were found to block BCG 
activity completely. 
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TI Tuberculosis vaccines: The past, present and future. 
AU Wang J.; Xing Z. 

CS Dr. Z. Xing, Department of Pathology, Centre for Gene Therapeutics, 
McMaster University, 1200 Main Street West, Hamilton, Ont . L8N 3Z5, 
Canada. xingz@mcmaster . ca 

SO Expert Review of Vaccines, (2002) 1/3 (341-354) . 
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CY United Kingdom 
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LA English 
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AB Tuberculosis still remains a leading infectious cause of death 

worldwide, although the BCG vaccine has been used for 80 years. There is 

an urgent need to develop improved BCG or new tuberculosis 

vaccines. This apparently represents a daunting task, since it will take a 

long time before a vaccine can be declared to be better than the current 

BCG vaccine, both in experimental and human studies. The current review 

takes a brief historic look at the use of current BCG vaccine and provides 

an overview on what are considered to be the key Immunologic criteria that 

have to be met by a new generation of tuberculosis vaccines. It 

also provides the most up-to-date information on the latest developments 



in tuberculosis vaccine research, with a focus on mycobacterial 
organism-based and Mycobacterium tuberculosis antigen-based 
vaccines. Consideration is also given to the mucosal route of immunization 
and "prime and boost' regimens. This review also presents several 
important tables, highlighting critical components of antituberculosis 
immunity, the most commonly tested immune adjuvants, the types of novel 
tuberculosis antigen-based vaccines and the outcome of different 
heterologous 'prime and boost' vaccination regimens. 
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TI Tuberculosis contacts but not patients have higher gamma 

interferon responses to ESAT-6 than do community controls in The Gambia. 
AU Vekemans J; Lienhardt C; Sillah J S; Wheeler J G; Lahai G P; Doherty M T; 

Corrah T; Andersen P; McAdam K P; Marchant A 
CS Medical Research Council Laboratories, Fajara, The Gambia.. 
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Last Updated on STN: 20011029 
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AB The Mycobacterium tuberculosis antigen ESAT-6 has been proposed 
for tuberculosis immunodiagnosis . In The Gambia, 30% of 
community controls produced gamma interferon (IFN-gamma) in response to 
ESAT-6. Increased proportions of responders and intensities of responses 
were found in household contacts. Responses that were initially low in 
tuberculosis patients increased after treatment- An 
ESAT-6 IFN-gamma assay will -be of limited use in the diagnosis of 
tuberculosis in countries where tuberculosis is endemic. 
Its role in contact tracing should be evaluated further. 
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TI Direct ex vivo analysis of antigen-specific IFN-gamma -secreting CD4 T 
cells in Mycobacterium tuberculosis-infected individuals: 
associations with clinical disease state and effect of treatment 

AU Pathan A A; Wilkinson K A; Klenerman P; McShane H; Davidson R N; Pasvol G; 

Hill A V; Lalvani A 
CS Nuffield Department of Clinical Medicine, University of Oxford, John 

Radcliffe Hospital, Oxford, United Kingdom. 
SO JOURNAL OF IMMUNOLOGY, (2001 Nov 1) 167 (9) 5217-25. 
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DT Journal; Article; (JOURNAL ARTICLE) 
LA English 
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Last Updated on STN: 20020122 
Entered Medline: 20011205 

AB The wide spectrum of clinical outcomes following infection with 
Mycobacterium tuberculosis is largely determined by the host 
immune response; therefore, we studied several clinically defined groups 
of individuals (n = 120) that differ in their ability to contain the 



absent from BCG constitute prime candidates for differential diagnostic 
reagents. Recently, two such antigens, ESAT-6 and CFP-10, have been 
reported to be promising candidates as diagnostic reagents for the 
detection of M. bovis infection in cattle. Here we report the 
identification of promiscuous peptides of CFP-10 that were recognized by 
M. bovis -infected cattle. Five of these peptides were formulated into a 
peptide cocktail together with five peptides derived from ESAT-6 . Using 
this peptide cocktail in T-cell assays, M. bovis-inf ected animals were 
detected, while BCG-vaccinated or Mycobacterium avium-sensitized animals 
did not respond. The sensitivity of the peptide cocktail as an antigen in 
a whole-blood gamma interferon assay was determined using naturally 
infected field reactor cattle, and the specificity was determined using 
blood from BCG-vaccinated and noninf ected, nonvaccinated animals. The 
sensitivity of the assay in cattle with confirmed tuberculosis 
was found to be 77.9%, with a specificity of 100% in BCG-vaccinated or 
nonvaccinated animals. This compares favorably with the specificity of 
tuberculin when tested in noninf ected or vaccinated animals. In summary, 
our results demonstrate that this peptide cocktail can discriminate 
between M. bovis infection and BCG vaccination with a high degree of 
sensitivity and specificity. 
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TI TB vaccines: Progress and problems. 
AU Andersen P. 

CS P. Andersen, Dept. of TB Immunology, Statens Seruminstitut , 5 

Artillerivej , DK-2300 Copenhagen S, Denmark, pa@ssi.dk 
SO Trends in Immunology, (2001) 22/3 (160-168) . 
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AB Tuberculosis (TB) is the biggest killer worldwide of any 

infectious disease, a situation worsened by the advent of the HIV epidemic 
and the emergence of mult i -drug resistant strains of Mycobacterium 
tuberculosis. The existing vaccine, Mycobacterium bovis bacille 
Calmette-Guerin (BCG) , has proven inefficient in several recent field 
trials. There is currently intense research using cutting-edge vaccine 
technology to combat this ancient disease. However, it is necessary to 
understand why BCG has failed before we can rationally develop the next 
generation of vaccines. Several hypotheses that might explain the failure 
of BCG and the strategies designed to address these shortcomings are 
discussed. 
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TI Detection of active tuberculosis infection by T cell responses 

to early-secreted antigenic target 6-kDa protein and culture filtrate 
protein 10. 

CM Comment in: J Infect Dis . 2001 Dec 1 ; 184 ( 11) : 1497-8 

AU Arend S M; Andersen P; van Meijgaarden K E; Skjot R L; Subronto Y W; van 

Dissel J T; Ottenhoff T H 
CS Dept. of Infectious Diseases, C5P, Leiden University Medical Center, 2300 

RC Leiden, The Netherlands., smarend@lumc.nl 



SO JOURNAL OF INFECTIOUS DISEASES, (2000 May) 181 (5) 1850-4. 

Journal code: 0413675. ISSN: 0022-1899. 
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Last Updated on STN: 20030105 

Entered Medline: 20000720 
AB The purified protein derivative (PPD) skin test has no predictive value 

for tuberculosis (TB) in Mycobacterium bovis bacillus 

Calmette-Guerin (BCG) -vaccinated individuals because of cross-reactive 
responses to nonspecific constituents of PPD. T cell responses to 
early-secreted antigenic target 6-kDa protein (ESAT-6) and the newly 
identified culture filtrate protein 10 (CFP-10) , 2 proteins specifically 
expressed by M. tuberculosis (MTB) but not by BCG strains, were 
evaluated. Most TB patients responded to ESAT-6 (92%) or CFP-10 (89%) . A 
minority of BCG-vaccinated individuals responded to both ESAT-6 and 
CFP-10, their history being consistent with latent infection with MTB in 
the presence of protective immunity. No responses were found in 
PPD-negative controls. The sensitivity and specificity of the assay were 
84% and 100%, respectively, at a cutoff of 300 pg of interf eron- gamma /mL. 
These data indicate that ESAT-6 and CFP-10 are promising antigens for 
highly specific immunodiagnosis of TB, even in BCG-vaccinated individuals. 
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TI Efficient protection against Mycobacterium tuberculosis by 

vaccination with a single subdominant epitope from the ESAT-6 antigen. 
AU Olsen A W; Hansen P R; Holm A; Andersen P 

CS Department of TB Immunology, Statens Serum Institute, Copenhagen, Denmark. 
SO EUROPEAN JOURNAL OF IMMUNOLOGY, {2000 Jun) 30 (6) 1724-32. 
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Entered Medline: 20000809 
AB We have investigated the vaccine potential of two peptides derived from 

the 6-kDa early secretory antigenic 

target (ESAT) -6 antigen in the mouse model of tuberculosis 

The peptides were both strongly immunogenic in B6CBAF1 (H-2b,k) mice 
and primed recall responses of the same intensity after immunization. 
However, both tuberculosis infection and immunization with 
ESAT-6 resulted in responses focused towards ESAT-61-20. Multiple antigen 
peptide constructs as well as free peptides were emulsified with dimethyl 
dioctadecylammonium bromide/monophosphoryl lipid A/IL-2 and tested as 
experimental vaccines in an i.v. and aerosol model of tuberculosis 
in mice. The peptide were highly immunogenic and induced cellular 
responses of the same magnitude. However, only vaccines based on the 
subdominant ESAT-651-70 epitope promoted significant levels of protective 
immunity and the level of protection was equivalent to that achieved with 
ESAT-6 and BCG. These findings demonstrate the potential of pept ide-based 
vaccines against tuberculosis and indicate that there is not 
direct correlation between the hierarchy of response to naturally 
processed peptides and their ability to induce protective immunity against 
Mycobacterium tuberculosis. 
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TI Numbers of I FN-gamma -producing cells against ESAT-6 increase in 

tuberculosis patients during chemotherapy. 
AU Ulrichs T; Anding R; Kaufmann S H; Munk M E 

CS Max-Planck Institute for Infection Biology, Department of Immunology, 
Berl in , Germany . 
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AB ESAT-6 is a specific Mycobacterium tuberculosis complex antigen 

and strong inducer of interf eron-gamma (IFN-gamma) production by T cells ; 
from tuberculosis patient T-cells. We studied the frequency of 
IFN-gamma producing cells reacting to ESAT-6 during anti- 
tuberculosis chemotherapy. The numbers of IFN-gamma producing 
cells in the peripheral blood were higher in tuberculosis 
patients after discharge from specific ant i- tuberculosis 
chemotherapy, compared with untreated patients. These results indicate 
that monitoring specific M. tuberculosis antigen reactivity 
during ant i -tuberculosis chemotherapy may avoid premature 
termination of treatment and resistant strains. 
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TI Toward the development of diagnostic assays to discriminate between 

Mycobacterium bovis infection and bacille Calmette-Guerin vaccination in 
cattle. 

AU Vordermeier H M; Cockle P J; Whelan A 0; Rhodes S; Hewinson R G 
CS Tuberculosis Research Group, Bacteriology Department, Veterinary 
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AB A scientific review of the recent sharp increase in bovine 

tuberculosis in Great Britain has concluded that the development 
of a cattle vaccine holds the best prospect for long-term disease control. 
It is important to develop a diagnostic test that differentiates between 
vaccinated and Mycobacterium bovis-inf ected animals, to ensure that 
test-and-slaughter control strategies can continue alongside vaccination. 
The mycobacterial antigens ESAT-6, MPB64, and MPB83 are expressed at high 
levels in M. bovis but are expressed at low levels or not at all in 
bacille Calmette-Guerin (BCG) Pasteur. Promiscuous bovine T cell epitopes 
of these antigens were identified and formulated into a peptide cocktail. 
This cocktail and a cocktail composed of recombinant forms of the 3 
antigens was able to distinguish cattle infected with virulent M. bovis 




from those vaccinated with BCG and from those sensitized to avian 
tuberculin in lymphocyte transformation and interf eron-gamma assays. 
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TI Comparative evaluation of low-molecular-mass proteins from Mycobacterium 
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AB Culture filtrate from Mycobacterium tuberculosis contains 

protective antigens of relevance for the generation of a new 
antituberculosis vaccine. We have identified two previously 
uncharacterized M. tuberculosis proteins (TB7.3 and TB10.4) from 
the highly active low-mass fraction of culture filtrate. The molecules 
were characterized, mapped in a two-dimensional electrophoresis reference 
map of short-term culture filtrate, and compared with another recently 
identified low-mass protein, CFP10 (F. X. Berthet, P. B. Rasmussen, I. 
Rosenkrands, P. Andersen, and B. Gicquel . Microbiology 144:3195-3203, 
1998) , and the well -described ESAT-6 antigen. Genetic analyses 
demonstrated that TB10.4 as well as CFP10 belongs to the ESAT-6 family of 
low-mass proteins, whereas TB7.3 is a low-molecular-mass protein outside 
this family. The proteins were expressed in Escherichia coli, and their 
immunogenic ity was tested in cultures of peripheral blood mononuclear 
cells from human tuberculosis (TB) patients, Mycobacterium bovis 
BCG-vaccinated donors, and nonvaccinated donors. The two ESAT-6 family 
members, TB10.4 and CFP10, were very strongly recognized and induced gamma 
interferon release at the same level (CFP10) as or at an even higher level 
(TB10.4) than ESAT-6. The non-ESAT-6 family member, TB7.3, for 
comparison, was recognized at a much lower level. CFP10 was found to 
distinguish TB patients from BCG-vaccinated donors and is, together with 
ESAT-6, an interesting candidate for the diagnosis of TB. The striking 
immunodominance of antigens within the ESAT-6 family is discussed, and 
hypotheses are presented to explain this targeting of the immune response 
during TB infection. 
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TI An esat6 knockout mutant of Mycobacterium bovis produced by homologous 
recombination will contribute to the development of a live 
tuberculosis vaccine. 
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AB ESAT-6 is an important T-cell antigen recognized by protective T cells in 
animal models of infection with Mycobacterium tuberculosis. In 
an enzyme -linked immunosorbent assay (ELISA) with overlapping peptides 
spanning the sequence of ESAT-6, monoclonal antibody HYB76-8 reacted with 
two peptides in the N-terminal region of the molecule. Assays with 
synthetic truncated peptides allowed a precise mapping 
of the epitope to the residues EQQWNFAGI EAAA at positions 3 to 15. 
Hydrophilicity plots revealed one hydrophilic area at the N terminus and 
two additional areas further along the polypeptide chain. Antipeptide 
antibodies were generated by immunization with synthetic 8-mer peptides 
corresponding to these two regions coupled to keyhole limpet hemocyanin. 
Prolonged immunization with a 23-mer peptide (positions 4 0 to 62) resulted 
in the formation of antibodies reacting with the peptide as well as native 
ESAT-6. A double-antibody ELISA was then developed with monoclonal 
antibody HYB76-8 as a capture antibody, antigen for testing in the second 
layer, and antipeptide antibody in the third layer. The assay was 
suitable for quantification of ESAT-6 in M. tuberculosis antigen 
preparations, showing no reactivity with M. bovis BCG Tokyo culture fluid, 
used as a negative control, or with MPT64 or antigen 85B, previously shown 
to cross-react with HYB76-8. This capture ELISA permitted the 
identification of ESAT-6 expression from vaccinia virus constructs 
containing the esat-6 gene; this expression could not be identified by 
s t anda r d i mmunob 1 o 1 1 i ng . 
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protective immunity to Mycobacterium tuberculosis. 
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AB The recall of long-lived immunity in a mouse model of tuberculosis 

(TB) is defined as an accelerated accumulation of reactive T cells in the 

target organs. We have recently identified Ag 85B and a 6-kilodalton 

early secretory antigenic target, 

designated ESAT-6, as key antigenic targets recognized by these cells. In 
the present study, preferential recognition of the ESAT-6 Ag during the 
recall of immunity was found to be shared by five of six genetically 
different strains of mice. Overlapping peptides spanning the sequence of 
ESAT-6 were used to map two T cell epitopes on this molecule. One epitope 
recognized in the context of H-2b,d was located in the N-terminal part of 
the molecule, whereas an epitope recognized in the context of H-2a,k 
covered amino acids 51 to 60. Shorter versions of the N-terminal epitope 
allowed the precise definition of a 13 -amino acid core sequence recognized 
in the context of H-2b. The peptide covering the N-terminal epitope was 
immunogenic, and a T cell response with the same fine specificity as that 
induced during TB infection was generated by immunization with the peptide 
in I FA . In the C57BL/6j strain, this single epitope was recognized by an 
exceedingly high frequency of splenic T cells (approximately 1:1000), 
representing 25 to 35% of the total culture filtrate-reactive T cells 



recruited to the site of infection during the first phase of the recall 
response. These findings emphasize the relevance of this Ag in the immune 
response to TB and suggest that immunologic recognition in the first phase 
of infection is a highly restricted event dominated by a limited number of 
T cell clones. 
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TI B-cell epitopes and quantification of the ESAT-6 protein of Mycobacterium 
tuberculosis 

AU Harboe, Morten; Mai in, Adam S.; Dockrell, Hazel S.; Wiker, Harald Gotten; 

Ulvund, Gunni; Holm, Arne; Jorgensen, Mikala Clok; Andersen, Peter 
CS Institute of Immunology and Rheumatology, University of Oslo, Oslo, 

N-0172, Norway 
SO Infection and Immunity (1998), 66(2), 717-723 

CODEN: INFIBR; ISSN: 0019-9567 
PB American Society for Microbiology 
DT Journal 
LA English 

AB ESAT-6 is an important T-cell antigen recognized by protective T cells in 
animal models of infection with Mycobacterium tuberculosis. In 
an ELISA with overlapping peptides spanning the sequence of ESAT-6, 
monoclonal antibody HYB76-8 reacted with two peptides in the N-terminal 
region of the mol . Assays with synthetic truncated peptides 
allowed a precise mapping of the epitope to the residues 
EQQWN FAG I EAAA at positions 3 to 15. Hydrophil icity plots revealed one 
hydrophilic area at the N terminus and two addnl . areas further along the 
polypeptide chain. Antipeptide antibodies were generated by immunization 
with synthetic 8-mer peptides corresponding to these two regions coupled 
to keyhole limpet hemocyanin. Prolonged immunization with a 23-mer 
peptide (positions 40 to 62) resulted in the formation of antibodies 
reacting with the peptide as well as native ESAT-6. A double-antibody 
ELISA was then developed with monoclonal antibody HYB76-8 as a capture 
antibody, antigen for testing in the second layer, and antipeptide 
antibody in the third layer. The assay was suitable for quantification of 
ESAT-6 in M. tuberculosis antigen prepns . , showing no reactivity 
with M. bovis BCG Tokyo culture fluid, used as a neg. control, or with 
MPT64 or antigen 85B, previously shown to cross-react with HYB76-8. This 
capture ELISA permitted the identification of ESAT-6 expression from 
vaccinia virus constructs contg. the esat-6 gene; this expression could 
not be identified by std. immunoblotting. 
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TI Proteome analysis of the plasma membrane of Mycobacterium tuberculosis. 
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Compositional analysis demonstrated that the protein was rich m proline 
and that mannose, galactose, glucose, and arabinose together represented 
about 4% of the total mass. The 45-kDa glycoprotein was subjected to 
proteolytic digestion with either the Asp-N or the Glu-C endopeptidase or 
subtilisin, peptides were resolved by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis, and glycopept ides were identified by 
reaction with concanavalin A. Peptides were further separated, and when 
they were analyzed by liquid chromatography-electrospray mass spectrometry 
for neutral losses of hexoses (162 mass units), four peptides were 
identified, indicating that these were glycosylated with hexose residues. 
One peptide, with an average molecular mass of 1,516 atomic mass units 
(AMU), exhibited a loss of two hexose units. The N-terminal sequence of 
the 1,516-AMU glycopeptide was determined to be DPEPAPPVP, which was 
identical to the sequence of the amino terminus of the mature protein, 
DPEPAP PVPXTA. Furthermore, analysis of the glycopeptide by secondary ion 
mass spectrometry demonstrated that the complete sequence of the 
glycopeptide was DPEPAPPVPTTA. From this, it was determined that the 10th 
amino acid, threonine, was O-glycosidically linked to a disaccharide 
composed of two hexose residues, probably mannose. This report 
establishes that true, O-glycosylated proteins exist in mycobacteria. 
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AB T-cells play a dominant role in the immune response to mycobacterial 

infections. Most recognized mycobacterial antigens have been identified 
by monoclonal antibody techniques and, subsequently, sequenced and 
isolated by molecular cloning. Both CD4+ and CD8+ alpha beta T-cells, as 
well as gamma delta T-cells have been shown to participate in 
ant i -mycobacterial host responses. The antigens recognized by CD4+ 
T-cells have been studied in most detail, with particular interest on 
proteins actively secreted by tubercle bacilli, on lipoproteins and on 
heat shock or stress proteins. Peptide mapping of 

T-cell epitopes of several mycobacterial proteins has suggested that many 
of their epitopes are recognized permissively in the context of multiple 
human and mouse major histocompatibility complex (MHC) class II alleles. 
This finding is encouraging for the development of subunit vaccines and 
diagnostic reagents. 
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TI Peptide mapping of bovine T-cell epitopes for the 38 

kDa tuberculosis antigen. 
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albumin to form complexes with various metabolic products in pathol . 
conditions {diabetes, tuberculosis, thyrotoxicosis) . 
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AB The plasma membrane of Mycobacterium tuberculosis is likely to 

contain proteins that could serve as novel drug targets, diagnostic probes 
or even components of a vaccine against tuberculosis. With this 
in mind, we have undertaken proteome analysis of the membrane of M. 
tuberculosis H37Rv. Isolated membrane vesicles were extracted with 
either a detergent (Triton X114) or an alkaline buffer (carbonate) 
following two of the protocols recommended for membrane protein 
enrichment. Proteins were resolved by 2D-GE using immobilized pH gradient 
(IPG) strips, and identified by peptide mass mapping 
utilizing the M . tuberculosis genome database. The two 
extraction procedures yielded patterns with minimal overlap. Only two 
proteins, both HSPs, showed a common presence. MALDI-MS analysis of 61 
spots led to the identification of 32 proteins, 17 of which were new to 
the M. tuberculosis proteome database. We classified 19 of the 
identified proteins as 'membrane-associated 1 ; 14 of these were further 
classified as ' membrane -bound ' , three of which were lipoproteins. The 
remaining proteins included four heat -shock proteins and several enzymes 
involved in energy or lipid metabolism. Extraction with Triton X114 was 
found to be more effective than carbonate for detecting 'putative' M . 
tuberculosis membrane proteins. The protocol was also found to be 
suitable for comparing BCG and M. tuberculosis membranes, 
identifying ESAT-6 as being expressed selectively in 
M. tuberculosis. While this study demonstrates for the first 
time some of the membrane proteins of M. tuberculosis, it also 
underscores the problems associated with proteomic analysis of a complex 
membrane such as that of a mycobacterium. 
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